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Who leads the pack in flat 
cable value? The same front- 
runner who sets the pace in 
all areas of cable quality and 
technology — Belden. 


Thanks to our superior 
technical capabilities and 
dedicated manufacturing 
facilities, we’ve been able to 
bring our cost on flat cable 
down ... to the wire! So, 
whether you’re specifying 
for OEM applications or 
creating flat cable assemblies, 
you Can get the product you 
need. And, it’s available 
packaged on reels for auto- 
matic termination equipment 
compatibility. How’s that for 
blue-ribbon value? 
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mass-termination flat cables, 
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Find out more about 
Our complete line of 


including our round-to-flat 
MASS-TER’®, 9K ribbon 
coaxial, shielded 
data link, and 
new 1mm and 
.025" miniatures. 
For your copy of 
our Flat Cable 
Catalog, call: 


1-800-BELDEN-4. 
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Siliconix drives lower 


on-resistance an 


shrinking boards. 


Introducing Siliconix’s new 
TrenchFET” power MOSFETs. 
Low on-resistance dramatically 
reduces parts count and 
increases board reliability. 


TrenchFET On-Resistance 
0.016 


0.012 


Ves = 10V 


On-Resistance (Q) 
Oo 
S 
OO 
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Thanks to a new process 
developed and patented by 
Siliconix, our new family of 
TrenchFETs feature 8 million 
cells per square inch and deliver 
on-resistance as low as 8mQ with 
a 60-V breakdown voltage 
and 175°C maximum 
junction temperature. 
The result is fewer 
parts and smaller, more 
reliable board designs for 
automotive applications 
such as airbags, ABS, 
120 power steering, window 
lifts, motors and fuel pumps. 


In addition, these TrenchFET 


devices provide lower conduction 


incredibl 


and switching loses, virtually 
eliminating the need for heatsinks. 
Siliconix offers five new TrenchFET 
devices in TO-220 or surface-mount 
TO-263 (D*PAK) packages and 
are as cost effective as relays. 


New TrenchFETs from Siliconix. 
They’re so power- and cost- 
efficient, you can satisfy your 
drive for better, smaller and 
more reliable board designs. For 
samples or more information, call 
us at 1-800-554-5565, ext. 930. 


TEMIC 


Siliconix, A Member of TEMIC 


TEMIC is a company of AEG Daimler-Benz Industrie. 2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995. 


Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 


TEMIC International Sales: UNITED KINGDOM: 0344-485757. GERMANY: 0310 857 320. FRANCE: 130 60 70 00. ITALY: 02-332 121. 
SCANDINAVIA: 08-733 0090. SINGAPORE: 65-788 6668, ext. 249. HONG KONG: 852-3789 789. JAPAN: 3-5562 3321. 
TrenchFET is a trademark of Siliconix. ©1994 Siliconix/TEMIC. All rights reserved. 
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RF TRANSFORMERS 


Over 80 off-the-shelf models... 
z from $499 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1, in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and /5 
ohm impedance; BNC standard, other types on request. 

Ultra-wideband response achieves low droop and fast 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer’s Handbook. 

Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 

Only from Mini-Circuits. 


*units are not QPL listed. 


T, TH, TT 
bent lead version 
style KK81 


T, TH, TT 


version 


C]Mini-Circuits' 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER »° MICROWAVE PRODUCT DATA DIRECTORY « EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
CIRCLE NO. 83 F741 RevF 
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ASIC test. Photo courtesy Cadence/IMS; historic 
images provided by the Oregon Historical Society. 
Design by Richard Anderson, Communications 
by Design; photography by Dahlstrom Photogra- 
phy Inc. 


Visual 


ETI | vesicn Features 


ASIC test: it’s a new ball 
| game 


Evolving ADCs demand 
more from drive 
amplifiers 


Visual programming 
pervades data-acquisition 
software development 


To build data-acquisition 
systems that run from 5 
or 3.3V, know your ICs 
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Testing ASICs means more than just designing for test. Although 
today’s sophisticated DFT tools are a big step forward from earlier 
ones, intelligently tackling test requires a partnership between 
design and test—and designers’ full appreciation of what test is all 
about.—Dan Strassberg, Senior Technical Editor 


Finding an amplifier that doesn’t tarnish an ADC’s performance is 
hard enough. But now you also have to deal with single-supply volt- 
ages and the quirky switched-capacitor input structure. 

—Anne Watson Swager, Technical Editor 


Visual programming gets your data-acquisition system up and run- 
ning in hours or days, instead of the months needed to use tradi- 
tional coding in Basic or C. MS Windows is the most popular envi- 
ronment, but its interrupt latency can threaten data integrity in 
high-speed and control-system applications. 

—Brian Kerridge, Senior Technical Editor 


Data-acquisition systems that take power from a single 3.3 or 5V sup- 
ply share many design considerations with systems that run from 
+15V. Some concerns are unique to low-voltage, single-supply oper- 
ation, however. To avoid problems, you need a thorough under- 
standing of the ICs you use. 

—Kerry Lacanette, National Semiconductor Corp 
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Squeeze the most 
out of your design cycle. 


You know time is money. And at Texas 
Instruments, we can help you speed your product 
to market. Meaning you are free to do what you do 
best — create the next breakthrough products. 


Be first to market with leading-edge 
designs. From notebooks and PDAs to wireless 
communications and multimedia, you can 
harness the power of TI’s DSP solu- 
tions, low-power 486 
microprocessors and * 
mixed-signal devices to 
design unique products 
fast. Our industry-leading 
TMS320 DSP family offers a 
road map with the flexibility of 
software-programmable solutions 
that can migrate into highly 
integrated, custom DSPs that 
deliver cost-effective high 
performance. And compatible 
logic families and memory 


devices also help you move your 


designs easily from 5 V to 3 V. 


xX -T: EAN 


Technical support that gets you up to speed, 
fast. Move quickly from selection to prototype with 
clear, concise technical information and real-world 
application notes. And C compilers, emulators, devel- 
opment tools, behavioral models and SPICE rules can 


help you create DSP solutions in record time. 


Setting the benchmark: A 94% on-time 
delivery record. At TI, we deliver what we promise. 
So you won't be left waiting for your ICs to arrive. In 
fact, in an expanding market, we set an industry 
benchmark by having a 94% on-time-to-commit- 
date delivery record. 


Win the race to market. Getting to 
market faster with a better product. 
That’s what business is all about. And 
with TI, you'l find a unique blend of silicon, 
support and service. We call 
it Total Integration:” You'll 
call it your competitive 
edge. To find out more and 
receive a free subscription 


to Integration, simply call 
1-800-477-8924, ext. 3922. 


me AOA 


9 TEXAS 
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Before you go back to the same old future, 
compare it with Ours. 


PISS 


Modular and one-piece “monoblock” versions of 
AMP Futurebus+ connectors offer significant 
advantages in handling, production, and use. 


If the interchangeability and intermate- 
ability of the Futurebus+ standard are 
important to you, we've got news worth 
hearing: our Z-Pack 2mm FB line offers 
just what you want, at a very competitive 
price -with significant added advantages 
in production, and in the field. 

Compare it with what you may be 
specifying right now, and the differences 
are obvious. Their leads are exposed - 
subject to damage during handling, 
insertion, rework, and field use. Ours are 
covered, providing protection and allow- 
ing simple, flat-rock tooling for our 
press-fit versions. Their lead organizers 
are loose, separate pieces; ours are an 
integral part of the connector body. With 
this connector, truer position means 


For more information on the ZPack 2mm FB product line, call our Product Information 
Center at 1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA 17105-3608. 


In Canada, call 905-470-4425. 


120456 
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easier insertion. Note that their leads 
are bent to shape. Ours are stamped in 
shape for structural strength, and use 
more metal. 

Their connectors require heat-staking, 
or —with press-peg holddowns—-high 
board insertion forces. Ours has a patent- 
ed “Cold Hold” system, with a metal 
spring barb embedded in the plastic post. 
This gives a low force fit with excellent 
strength and retention. 

And we offer one-piece “monoblock” 
styles to simplify inventory and cut manu- 
facturing effort even more. The bottom 
line: our version of the future offers you a 
whole lot more. Just give us a call. 


AMP and Z-Pack are trademarks. 


Our EMI filters help keep 
your briefcase from 


becoming a battleground. 


If business is war, this is where the fight gets serious. 
Cellular phones, notebook computers, pagers and soon, 
PCS devices — the potential for interference among them 
is surpassed only by the potential for interference inside 
them. Fortunately, our EMI/RFI filters are superb peace- 
keepers. We offer the widest selection of EMI/RFI filters 
in the industry, in unsurpassed ranges of inductance and 
capacitance values, temperature ratings, frequencies 
and current ratings. Products like our unique high-fre- 


quency L-Chip Inductor, with its precision tolerance of 


+2%, are made possible by our exclusive thin-film 
technology. And our ability to combine high current 
ratings with lower DC resistance means you don’t have 
to compromise one for the other in your designs. So as 
youre designing the newest weapon for the corporate 
wars, let us be a small part in your success and help you 
avoid internal strife. For more information and our EMI 


Filter catalog, call 1-800-831-9172, ext.151. 


PP ; r A small part 
im your success 


©1994 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved. 
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16-BIT DAC EXTENDS AC PERFORMANCE 


one of the standards ANSI ; 
is evaluating. Most DAC ac |; 


The Analog Devices cur- 
rent-output AD/768 com- 
bines the speed character- 
istics of 12-bit DACs with 
the precision of 16-bit 
devices and includes full dc 
and ac performance speci- 
fications. The guaranteed 
minimum update rate 
is 30M sam- 
ples/sec; 
40M sam- 
ples/sec is 
typical. 
Other key 
typical speci- 
fications 
include 1/2- 
LSB differen- 
tial nonlineari- 
ty at 14 bits, 
83-dBc spurious- 
free dynamic 
range at 1.002 
MHz, 35 pV-s 
glitch impulse, 
465-mW power dis- 
sipation, and full- 
scale settling time of 25 
nsec to 0.025%. Price is 
also a key feature of this 
DAC; at $19.95 (1000), it 
costs less than some of the 
company’s 12-bit devices 
in the same speed range. 
The manufacturer has 
also provided a glimpse 
into the DAC’s perfor- 
mance for video-on- 


demand applications, such 
as an asymmetrical digital 
subscriber line (ADSL)— 


specifications 
result of tests with single- | 
tone signals that differ sig- ; 
nificantly from the real 
operating cir- 


The current- 
output AD768 
DAC combines 
14-bit linearity 
with high 
speed and low 
distortion. 


cumstances of com- 
munications applications, 
which use spread-spec- 
trum and frequency-divi- 
sion-multiplexed signals. 
The AD768’s data sheet 
shows the following test 
result of a typical ADSL 
transmit chain: S/N ratio of 
63.5 dB at 151 kHz and 
THD of -60 dBc at 160 
kHz. 
—by Anne Watson Swager 

Analog Devices, Wil- 
mington, MA, (617) 937- 
1428. Circle No. 482 


are the ; 


EDITED BY FRAN GRANVILLE 


EDN’s 


annual Innovation and Innovator of the Year 
Competition honors outstanding engineering profes- 
sionals who are committed to quality and creativity 
in electronics. The magazine presents innovation 

; awards in the following eight major product/tech- 


- nology areas: ICs and semiconductors; ,.Ps; test and 
- measurement; electronic-design-automation tools; 
; computers and peripherals; components, hardware, 


and interconnection technology; embedded devel- 
opment software; and power sources. Applications 
for nomination are due by Nov 15. Call EDN for a 
nomination packa y Fran Granville 
Cahners Publishing Co, Newton, MA, (617) 
558-4681. Circle No. 485 


Interface IC allows multiple 
functions on PCMCIA card 


National Semiconductor’s [InfoMover 
PC Poe is the mest coummunicalions 


nee any two I/ O functions and memory that 
operate concurrently ona ‘inte PCMCIA card. 
The interface circuit seamlessly supports Nation- 
al’s ST-NIC Ethernet contcolios device or any 
other LAN controller. The other function on the 
card could be a fax/modem chip set. 

The challenge of imple: Se neae 2 1ultifunctions 
on a PCMCIA card is that the host interface has 
only one interrupt-request (IREQ) line. Each func- 
tion must use this line to get the attention of the 
uP in the main.computer. Sharing the line can 
cause problems when more than one device dri- 
ver attempts to use this line simu 

In epeperation with the PCMC mim 
National came up ee an arbitration m 
for using ge IREQ. The method employs priori- 
ty or round-robin p setolsin whichever the user 
prefers, informs the host system which func- 
tion actually requires service, and arbitrates 
among them. 

The multifunction circuit also offers power- 
management features that conserve battery life in 

dheld computers. The PCM16C00 
operates at 3.3 or r SV, and you can turn off or p 
into a sleep mode one or two functions on the 
card. In addition, the interface device supports 
hot-swapping so that you don’t have to reboot the 
system when changing cards. The device comes in 
a 144-pin TOQFP and costs $15 (1000). 
—by John Gallant 
1iconductor Corp, Santa Clara, CA, 
Circle No. 486 


National Sen 
(800) 272-9959. 
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ADC fits 14- 
bit, 10-MHz 
rformance 
in small 
package 


Datel’s ADS-945 achieves 
its high-resolution, high- 


speed performance not in 


a power-hungry board- 
level design but in a 2<4- 
in. DIP with a package 
height of 0.29 in. At 
4.5W, the 945’s typical 


power consumption is less 


than 40% of the nearest 
small-package competi- 
tor. Key technical specifi- 
cations include no miss- 
ing codes to the 14-bit 
level over the industrial 
temperature range (-25 
to +85°C), minimum S/N 
ratio of 78 dB, and maxi- 
mum THD of -80 cB for 
dc to 1-MHz signals. The 
ADC, which includes a 


BLT | our in Front 


Data-acquisition system streams 1M samples/sec to disk | 


containing a fast 1.7-Gbyte, SCSI hard 

drive with a 1M-sample/sec, 12-bit 
ADC board and some clever software, 
United Electronic Industries (UEI) has pro- 
duced a system that can acquire nearly 
one-half hour of data nonstop at the 
ADC’s top sampling rate. The hard drive is 
one of the “AV” types, which, unlike stan- 
dard high-capacity drives, does not pause 
periodically for thermal recalibration of its 
read/write head. It’s also removable; you 
can substitute a 3.02-Gbyte unit if you 
need to record even more data nonstop. 


B: COMBINING A PENTIUM PC 


The $9750 system comes with a 17-in., 
high-resolution color monitor; selecting a 
15-in. unit saves $250. You can also sub- 
stitute other data-acquisition boards for 
the base system’s Win-30D, or you can add 
a second board. The software runs under 
DOS. Part of its speed is attributable to its 
ability to pack four 12-bit conversion 
results into three 16-bit data transfers. If 
your acquired data set does not use too 
much of the room on the hard disk, the 
software rewrites the file onto the drive in 
a format that matches the requirements of 
the package you will use to postprocess the 
data. Moreover, UEI’s 
software, which is avail- 


AT&T division to leave semiconductor market. 
AT&T Global Information Solutions (formerly. NCR 
Corp) plans to leave the semiconductor market and t 
seek a buyer for its NCR Microelectronic Product 
Division. The company says the decision will free 
AT&T Global's resources. such as management time 
and R&D funds. to apply to information technology 
for the company s The move does not 
affect AT&T s Microelectronics Division. AT&T 
Global Information Solutions. Fort Collins. CO. 
Circle No. 489 
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able separately for $295 
(source code, $695) lets 
you omit portions of the 
initial record from the 
final data file. 

—by Dan Strassberg 
United Electronic 
Industries, Water- 
town, MA, (617) 924- 
1155; : 
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T/H amplifier, a refer- 
ence, timing/control 
logic, and error-correction 
circuitry, costs $866 (100) 
for a commercial-temper- 
ature version. The indus- 
trial-temperature version 


PCMCIA card connects PC to MIL-STD-1553 bus 


With a new PCMCIA card from ILC Data Device Corp (DDC), you can bring the 
power and convenience of portable computing to the MIL-STD-1553 data bus. The 
BU-65550 card provides an intelligent interface between a Type II PCMCIA slot and 
the dual-redundant 1553 bus, making the card useful for testing and system-inte- 
gration tasks. 


costs $1079. The card incorporates DDC’s BU-61586 Advanced Communications Engine (ACE). 
—by Anne Watson Swager : The ACE includes dual transceivers and encoder/decoders, complete 1553 protocol, 
Datel Inc, Mansfield, MA, | 12k words of shared RAM, and memory-management logic for the bus-controller, 
(508) 339-3000, ext 227. | remote-terminal, and bus-monitor modes. Each card costs $3995.—by Gary Legg 
Circle No. 487 ILC Data Device Corp, Bohemia, NY, (516) 567-5600, ext 7381. Circle No. 490 


DILBERT: ©1989 United Feature Syndicate, Inc. 


SO... DILBERT, WELCOME 
TO THE SALES DEPART- 
MENT. UM TINA, 
YOUR NEW BOSS. 


AS THE NEW GUY, YOU 
GET THE CUSTOMERS WHO 
DESPISE OUR PRODUCTS 
AND WANT TO HURT 

US PERSONALLY. 


YOU'LL BE SELL- 
ING TO THE 
SMALL BUSINESS 
MARKET. HE'S 
YOUR GEST 
ACCOUNT. 


; 
; 
ql 
: 


EMAIL: scottadams @ aol.com 
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The Fluke 79: 


More Of A Good Thing 


More high-performance features. 
More advanced measurement capa- 
bilities. More of the vital information 
you need to troubleshoot even the 
toughest problems — with both ana- 
log and digital displays. 


Meet the latest, greatest member 
of our best selling 70 Series || family 
— the new Fluke 79 digital multimeter. 


It picks up where the original fam- 
ily left off. In fact, it’s a quantum leap 
forward — in performance, value and 
affordability. 


It’s got the features you'd expect 
from Fluke. Including high resolution. 
Fast autoranging. Patented, automatic 
Touch Hold®. A quick continuity 
beeper. Diode test. Automatic self- 
test. Battery-conserving sleep mode. 
And it’s just as rugged and reliable as 
the rest of the 70 Series II family. 
Easy to operate, too — with one hand. 


And thanks to the Fluke 79’s 
proprietary new integrated circuit 
technology, that’s only the beginning. 
When it comes to Zeroing in on tough 
electrical problems, the Fluke 79 
leaves the competition behind: 


Frequency: The Fluke 79’s built-in frequency 
counter lets you measure from below 1 Hz to 
over 20 kHz. And while you view frequency on 
the digital display, the analog bar graph shows 
you AC voltage. So you can see if potentially 
hazardous voltage is present. 


Fast 63-segment analog bar graph: The Fluke 
79’s bargraph moves as fast as the eye can see, 
updating at a rate of 40 times per second to 
simulate the functionality of an analog needle. 
You get the high speed and high resolution you 
need to detect peaking, nulling and trending. 


Capacitance: No need to carry a separate 


dedicated capacitance tester; the Fluke 79 
measures capacitance from 10 pF to 9999 uF. 


400: 


-Ohms range: Our proprietary Lo-Ohms 
ction lets you measure resistance as low as 
1 ohms. High noise rejection and a test lead 
ro Calibration function make the Fluke 79 

al for detecting small resistance changes. 


7Q SERIES Il MULT. 


Smoothing™: Our exclusive new Smoothing 
mode gives you a stable digital readout for 
unstable signals — by displaying the running 
average of eight readings. No more jitter or 
“digit rattle” due to noisy signals. 


_ Geta good thing going: Jo put 
more meter to work for you — ata 
price that works for you, too — head 
for you nearest Fluke distributor. For 
the name of your nearest distributor, 
or for more product information, call 


The Fluke 79 comes with a 
yellow holster and patented 
Flex-Stand™ — easy to 
hang from a door or pipe, 
clip onto a belt or tool 
kit, or stand at virtually 
any viewing angle. 
There’s even storage 
Space for test leads. 
PRESS : 
RANGE ® 


Fluke 79 Series Il 
AUTORANGE, 400 


$199* 


4000 Count Digital Display (9999 in Hz, capacitance, 
and Lo-Ohms) 


63-segment Analog Bar Graph 


0.3% Basic DC Voltage Accuracy 
Automatic Touch Hold 

Diode Test, Audible Continuity Beeper 
Autoranging, Manual Ranging 
Holster with Flex-Stand 

Frequency Counter to over 20 kHz 
Capacitance, 10 pF to 9999 uF 
Lo-Ohms Range with Zero Calibration 


1000V --- 


{-—s- - 750v ~ COM 


Smoothing 

700 Hours Battery Life (alkaline) 
3-Year Warranty 

* Suggested U.S. list price 


Actual Size 


Fluke Corporation P.O. Box 9090, M/S 250E Everett, 
WA 98206. ©Copyright 1993. Prices and specifications 
subject to change without notice. Ad No. 00512 


PLUKE. 
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Chips lower cost of 
video playback 


New ICs from Cirrus Logic allow low- 
cost implementations of video play- 
back on both desktop and portable 
computers. For desktop designs, the 
CL-GD5440 provides video control 
and acceleration, and an optional CL- 
PX4072 multistandard TV decoder 
accepts NTSC, PAL, or SECAM inputs. 
For portable systems, the CL-GD7542 
provides video control and accelera- 
tion with an optional video-overlay 
port. The cost to implement a video 
subsystem with the chips, excluding 
memory and depending on options, 
ranges from about $30 to $70 in OEM 
quantities. The ICs work on either the 
PCI or the VL bus. 

Video subsystems designed with 
the new chips and 256kxX16-bit 
DRAMs can display full-screen, full- 
motion (30-frame/sec) video. The 
two video-controller chips provide 
horizontal and vertical interpolation 
between incoming video pixels to 
scale a video image to screen size or 
smaller. The CL-GD5440 for desktops 
provides one- to four-times scaling; 
the CL-GD7542 for portables has 
two-times scaling. The number of 
available colors in desktop imple- 


2) 

ee, 

8) 

a sw 

[ _ DECODER 

rs (OPTIONAL) 

= 

O 

oO 

(a) ~~ __~-HARD DRIVE 


__ $2-BIT VESA VL-BUS 
__485 CPU LOCAL BUS 


(b) . VIDEO-OVERLAY PORT 


OPTIONAL 


3.30R Sv | 
ea 


3.30 


—— ee 


New ICs from Cirrus Logic implement video playback on desktop systems (a) and 


on portables (b). 


mentations ranges from 16 for 
1280 1024-pixel displays to 64,000 
for 800X600-pixel displays. For 
portable implementations, the color 
range is from 16 million for 
640X480-pixel displays to 256 for 


5 jump in accuracy and add a surprise 


The AD8036 and AD8037 from Analog Devices offer high linearity and clamp 
accuracy—an order of magnitude improvement over existing clamped ampli- 
fiers. In addition, an engineer at the company found another benefit of the 
devices: You can easily configure them as full-wave rectifiers, in one case by 
connecting the noninverting input to the high or low clamp inputs. You can 
even put a modulating signal into the high and low clamp inputs, which each 
have a bandwidth of at least 100 MHz. 

A proprietary design that implements the clamping at the amplifier input 
as opposed to the output provides the very high clamp accuracy that makes 
additional applications possible. Maximum and typical output deviations 
from the clamp voltage setting are +25 and +15 mV, respectively. The design 
also minimizes signal distortion near the clamp voltages and allows for a max- 
imum useful amplifier range. You can set the clamp voltage, for example, to 
any value in the +3.9V output range. 

In the unclamped region, these 250- and 275-MHz amplifiers also have very 
low distortion; they are cousins of the recently introduced wide-bandwidth, 
ultra-low-distortion 320-MHz AD9631 and 250-MHz AD9632, which boast a 
spurious-free dynamic range of —-72 dBc typical at 20 MHz. The AD8036 is 
unity-gain stable, and the AD8037 is stable for gains of +2; you must use both 
in noninverting configurations. Settling time to 0.01% accuracy is 16 nsec. 
All of these low-distortion amplifiers cost $4.12 (1000). One main application 
for all these devices is driving high-speed, high-resolution ADCs (see “Drive 
amplifiers for ADCs” in this issue). —by Anne Watson Swager 

Analog Devices Inc, Wilmington, MA, (617) 937-1428. Circle No. 492 
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larger displays. The CL-GD7542 for 
portables supports the new 
800 <600-pixel SVGA format and 
other formats. —by Gary Legg 
Cirrus Logic, Fremont, CA, (510) 
623-8300. Circle No. 491 


Current-feedback 
amps increase in 
accuracy 


“Precision” and “accuracy” are 
two words not usually associated 
with current-mode feedback 
amplifiers. These amplifiers’ 
claim to fame is high bandwidth 
without the familiar gain-band- 
width roll-off of voltage-feed- 
back amplifiers. However, 
Elantec Corp is combining preci- 
sion and current feedback in the 
form of the EL2165C and the 
ELZ175C. These amplifiers pro- 
vide designers of high-speed- 
instrumentation, video, imaging, 
and communications systems 
with much better dc characteris- 
tics than are available in conven- 
tional current-mode feedback 
amplifiers. With -3-dB band- 
width for gains of +2 at 30 and 
120 MHz, input offset voltage is 
(Continued on pg 16) 


STEP Up To PSPICE® 


TRADE IN YOUR COMPETITIVE SPICE-BASED SIMULATOR 
FOR MUICROSIM PSPICE AT A 50% DISCOUNT 
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ow you can save 50% off the regular price of MicroSim 

PSpice, the industry standard for quality in SPICE-based 
simulation. You’ll find the versatile modeling capabilities of 
PSpice are far superior — and you can even run it on the 
same platform you’re now using, whether your current simu- 
lator runs on the IBM-PC (Microsoft® Windows™ or DOS), 
HP, Sun, or even within the Cadence or Mentor framework. 

MicroSim PSpice delivers the most advanced analog 
simulation capabilities today. Features like proprietary 
algorithms with exceptional accuracy over a wide range of 
analyses and device models. Aurora-certified BSIM3 models. 
And the most comprehensive libraries providing over 7,400 
analog parts. What’s more, you’re guaranteed unrivaled 
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service including free expert technical support, an inform- 
ative BBS, flexible upgrade policies, quarterly technical 
newsletters and more. 

Plus, when you use PSpice, the door is open to a wide 
range of options to help you produce more reliable designs. 
That’s because PSpice is only one part of the MicroSim 
Design Center® family of analog and digital products. 

Join more than 20,000 satisfied PSpice customers 
worldwide. All you have to do is send us your competitive 
SPICE-based simulator to save 50% on analog PSpice. 

But hurry, because this discount is available for a limited 
time only — offer ends December 23, 1994. Don’t miss out. 
Call today for more information. 


Y) MicroSim Corporation 


20 FAIRBANKS * IRVINE, CA 92718 © USA ® (714) 770-3022 
(800) 245-3044 « FAX: (714) 455-0554 + BBS: (714) 830-1550 


Design Center and PSpice are registered trademarks of MicroSim Corporation. All other trademarks are the property of their respective owners. 
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500 LV, and negative input-bias 
current is 500 nA. Respective 
peak-output currents are 50 and 
&0 mA. The 2165C consumes 4 
mA, and the 2175V consumes 
8.5 mA. The 2165C settles to 0.1 
and 0.01% in 110 and 185 nsec. 
Both operate on supplies rang- 
ing from +3 to + 


Respective settling time A 
and 0.01% are 110 and 185 nsec 
for the 2165C and 55 and 85 
nsec for the 2175C. The devices 
come in &-pin DIPs and SOICs, 
and prices start at $2.67 (1000). 
Samples will be available this 
month. (All listed specifications 
are for typical performance.) 
—by Anne Watson Swager 
Elantec Corp, Milpitas, CA, 
(408) 945-1323. Circle No. 493 


Wider tape boosts 
minicartridge capacity 


New QIC-Wide products from Con- 
ner and Sony enable a QIC tape mini- 
cartridge to store 420 Mbytes of 
compressed data, conveniently keep- 
ing pace with storage capacities of 
the disk drives in many new high-end 
PCs. Sony’s QIC-Wide media is 
responsible for the high capacity, 
providing a 68% increase over typi- 
cal 250-Mbyte QIC-80 minicar- 
tridges. Conner’s 11250M tape drive, 
which uses the new media, is also 
compatible with standard QIC 
media. 

QiC-Wide tape is 0.315 in. wide, 
compared with 0.25 in. for QIC tape. 
Because the extra width provides 
additional strength, Sony can make 
the tape thinner and thus pack more 
of it into a minicartridge—400 ft vs 
the usual 307 ft. A redesigned Con- 
ner tape-drive head accommodates 
the wider media, and modified tape- 
drive firmware ensures QIC and QIC- 
Wide compatibility. An internal- 
mount version of the new Conner 
drive sells for $114 (OEM); an exter- 
nal, parallel-port model costs $244. A 
Sony minicartridge two-pack will sell 
for under $50. —by Gary Legg 

Conner Tape Products Group, 
Costa Mesa, CA, (714) 641-1230. 
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MOS-controlled thyristors 
get some backup 


Harris Semiconductor is extending support for its MOS-controlled thyristor 
(MCT) with the HIP2030 gate driver, which also simplifies designing with 
high-power insulated-gate bipolar-transistor (IGBT) modules. To drive an MCT 
previously required one dual FET driver, two FETs, two diodes, two capacitors, 
and 11 resistors. Designed by Harris and available since 1992, MCTs are 
power-switching devices that provide a two-times current-rating increase over 
IGBTs along with a lower forward voltage drop in the same die size. MCTs are 
useful in power-switching applications at rates up to around 100 kHz whenev- 
er high current and low conduction loss are prime requirements. 

MCTs may seem more complicated to use because they require a dual- 
polarity control signal, but many IGBT manufacturers now recommend 
using similar control signals for IGBTs because of their large gate capaci- 
tances. By switching the polarity of its output and adjusting two resistors to 
obtain the desired voltage levels, the HIP2030 can drive IGBT modules. The 
HIP2030 ($5.50 (1000)) can drive 60 nF of MOS capacitance with 30V p-p 
in less than 200 nsec and 15 to 20 nF in less than 100 nsec. The IC also 
includes a charge pump so that it can operate from a single low-voltage sup- 
ply as well as from the single or dual high-voltage supplies that provide the 
MCT gate-drive voltages. A latch/reset circuit can inhibit drive to the MCT 
gate in the event of excessive load current or overheating. 

—by Anne Watson Swager 
Harris Semiconductor, Melbourne, FL, (800) 442-7747, ext 7267. 
Circle No. 498 


Which is where Philips enters the picture. 
By applying the experience and innovation that 


F made us the leader in video digital encoders and 


decoders, Philips is expanding into new areas that can 


turn up the volume on your video ideas. 
Our new SAA7116 PCI bus interface is a perfect example. 
It lets you stream full-bandwidth video onto a PC motherboard. 


Just think of the possibilities. 


Philips 
Semiconductors 


© Philips Electronics North America Corporation, 1994 


Another example is our new SAA7140 high- 
performance scaler with two-dimensional phase- 
correct interpolation and double-programming 
settings. And the list goes on. 

So call Philips today and get the full story. 
We'll help you translate your personal vision into 


video wonder. 


1-800-447-1500, ext. 1141 
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DESIGN SUPERCON‘’9Y95 


The Conference about Putting Technology to Work 
“Design Expertise for Designers” 


February 28 to March 2, 1995 Santa Clara, CA 


Co-developed by EDN and Hewlett-Packard Co 


Authois are invited to submit abstracts, biographies, and/or completed papers on recent ad ,p al 
design sas aes Loe case studies in the design of advanced digital systems. Areas of interest include, but 
are not limited to: | 


“+ HIGH-PERFORMANCE COMPUTING ARCHITECTURES @ REAL-WORLD EFFECTS ON DIGITAL SYSTEMS 
- @Multiprocessing - eSignal integrity 
_ @Reconfigurable hardware ePractical pc-board layout techniques 
_©@100+MHz microprocessors electromagnetic interference (EMI) | 
@ESDA (practical aspects) eClock distribution _ 
@Packaging effects on architecture design eHigh-speed packaging effects | 
_ eas ec ey 


« Mici-seien we MOVEMENT * HIGH-PERFORMANCE EMBEDDED DESIGN 
eHigh-performance bus design (PCI bus, EISA, VL) eDSP supplanting traditional CPU 
eUsing high-speed serial links e@Graphic-system design | 
e[/O-system design | e/mage processing 
_ @Driver/interconnect effects on high- -speed__ eDebugging high-performance embedded systems 
____ data movement embedded hardware/software aces 
Ti iming analysis and verification @CASE for embedded system ie | 
_ Optimizing mass-storage Communication 


Note: Existing papers in the areas of interest should be SUBMISSION INSTRUCTIONS 
sent along with the abstracts/biographies. Send six copies of your abstract, biography, and 
double-spaced, double-sided existing papers to: 


Markus Levy 

EDN Magazine 

1936 Sheffield Drive 

El Dorado Hills, CA 95762 

EMAIL: EDNLEV Y@MCIMAIL.COM 
Phone: (916) 939-1642 

Fax: (916) 939-1650 

(Please do not submit papers by fax) 


G HEWLETT 


PACKARD 
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Beat The Board Hogs 


With the First SMT 128K x 32Bit SRAM 


When your designs require more memory, 

speed and board space, the new 

EDISL32128C-AC is the answer. 

Our high density memory 
array solution doubles the 

efficiency of your board 


design - in half the space. 


Some EDI8L32128C-AC 


high-performance advantages: 


@ Speed: 15, 17, 20 and 25ns 
m JEDEC SMT: 68 Pin PLCC 
& Small Footprint: 0.990 sq. inches 


@ User Configurable Organization 
@ High Density 4 Mbyte CMOS SRAM 


Achieve the greatest memory efficiency 
without hogging your valuable board design. 
Give us a call today for samples and 
application information. 


New Memory Databook now available. 


Better performance than four 508 ” 366 ” 5 1 5 1 > 2 1 4 


128K x 8 PSOJs in half the space EDI is ISO9001 Certified 


Y \a 


ELECTRONIC DESIGNS INC. 


Electronic Designs, Inc. 
One Research Drive * Westborough, MA 01581 USA Tel: 508-366-5151 * Fax: 508-836-4850 


Electronic Designs Europe, Ltd. 
Shelley House, The Avenue * Lightwater, Surrey GU18 SRF United Kingdom * 0276 472637 * Fax: 0276 473748 
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FAST Track to FAST SCS 


90’s Challenges. The 90's demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges 
levels of performance and faster delivery industry leadership, NCR is still working 90’s can’t be solved with silicon alone. 
than ever. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with th 
demands, and changing user needs make of the 90’s. The NCR 53C90 family of SCSI competitive edge that can make your 
fast, simple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Whet 
horizon. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in ar 
times, you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the prodt 
with proven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count | 
reliability your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the r 
transfers and provides our exclusive technology, at the right price, at the rig 
TolerANT® SCSI driver and receiver time for all your SCSI requirements. 
technology, for reliable data transfers in 
every SCSI system. 


The NCR 53€90 Family 
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Single-bus architecture; SCS! sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability & 
Adds split-bus architecture for more flexibility 


INCREASIN 


Adds support for differential transfers 


CTIVE MEGATION TECHNOLOGY 


EDITORIAL 


What users want 
is assurance 
that, by adopt- 
ing VXI, they are 
placing their 
bets on a lead- 
ing-edge tech- 
nology that has 
staying power. 


Jesse H Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 


American Society of 

Business Press Editors Award 
1994, 1991, 1990, 1988, 1983, 
1981 


VXI: One big, happy family at last? 


“We must all hang together, or assuredly, 
we Shall all hang separately,” said Ben- 
jamin Franklin more than two centuries 
ago. In a similar spirit, the VXI Plug-and- 
Play Systems Alliance welcomed its newest 
members at a meeting in Austin, TX, in 
mid-July. Among the seven companies 
joining the alliance is the group’s largest 
and, arguably, most influential member— 
Hewlett-Packard. Market researchers claim 
that HP has captured 38% of the revenues 


for VXI instrumentation, the largest share 


of any vendor. HP owes its lead to many 
factors, not the least of which is 
its broad line of VXI hardware. 

Notwithstanding a strong VXI 
software entry, the VEE graphical 
programming system (available 
both for Unix workstations and 
Windows PCs), HP’s share of VXI 
software sales is not the largest. 
Software market-share honors go 
to National Instruments. NI’s VXI 
products include LabWindows for 
MS-DOS, LabWindows/CVI for 
Windows PCs and Sun Worksta- 
tions, and the LabView graphical 
programming system for the Mac- 
intosh, Windows PCs, and Unix 
workstations. 

About a year ago, several companies 
formed the VXI Plug-and-Play Alliance. 
Alliance founders realized that for VXI to 
make good on its early promise, VXI sys- 
tems integrators had to be able to put 
together systems using components from 
any VXI vendor and be assured that the 
hardware and software would play togeth- 
er. If problems developed, users would not 
tolerate a group of vendors who pointed 
fingers at each other. By spring of this year, 
the Alliance membership had grown to 
nearly 20 VXI vendors. 

Whether or not the perception was cor- 
rect, the formation of the Alliance created 
an impression that the VXI community 
was polarizing into two camps. One camp, 
comprising Alliance members, was headed 
by National Instruments with its lead in 
VXI software. The other camp, headed by 
HP, offered a broad line of high-quality 
hardware and credible software. Within 
either camp, the level of compatibility was 
high, although not as high as necessary. 
Between camps, even if outright animosity 


didn’t exist, the level of compatibility was 
unacceptable. 

The problem with this state of affairs 
was that the VXI community could ill 
afford to rend itself asunder. Despite some 
attractive competing technologies, a united 
VXI community can succeed. But VXI 
would mortally wound itself if vendors 
tried to gain the upper hand by labeling 
certain VXI products inferior because of 
incompatibilities with their own products. 
Such an approach would not only dissipate 
the energies of VXI vendors; it would send 
precisely the wrong message to potential 
users. What users want is assurance that by 
adopting VXI, they are placing their bets 
on a leading-edge technology that has stay- 
ing power. Users want to know that their 
investment will be preserved by the contin- 
ued availability of products and support 
services from a wide variety of vendors. To 
achieve a lower cost of ownership over the 
life of their systems, these users will pay a 
premium for initial purchases. 

Now that the VXI Plug-and-Play Alliance 
has set the stage for cooperation among all 
VXI vendors, the vendors must deliver on 
that promise. HP, the company with the 
most resources, faces the biggest challenge: 
producing C-language versions of several 
hundred instrument drivers. The new dri- 
vers, which will be just as compatible with 
VEE as HP’s current drivers, will also be 
compatible with LabWindows/CVI. Indeed, 
HP may get help in this effort from Nation- 
al Instruments, because NI already has Lab- 
Windows/CVI drivers for many HP VXI 
modules. The result will be that users of HP 
hardware will be able to use NI software—if 
they choose to, and vice-versa. 

What transpired in mid-July in Austin 
was surely a watershed event for VXI. But 
its significance for the rest of the industry 
is even greater. VXI began in 1987 with a 
spirit of cooperation among competitors 
who realized that their own interests would 
be served if they placed customers’ inter- 
ests first. Just when it looked as if that spirit 
of cooperation was unraveling, the VXI 
Plug-and-Play Alliance resurrected it with a 
vengeance. 

How much time must pass before other 
electronics market segments realize that 
this type of customer-focused cooperation 
can also pay big dividends to vendors? 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System at (617) 558-4241, 
300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and select W to write us a letter. 
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The New MACH’ Family Gives You 7.5ns Speeds, 
Plus The Design Tools You Need To Get To Market Faster. 


You can never be too fast. gate MACH 210A-7 clocks-in at 7.5ns, while 


Or too well equipped, for that matter our 3600-gate MACH 230-10 reaches 10ns. 
And the new MACH CPLDs give you both: Now that’s fast. 


The speed you need for the critical path And you'll bring your product to market 
— up to 75ns. Plus a whole new set of in record time with AMD's new software 


design tools you'll need along the way. The new MACH family members feature Oftetings. Now you can get your favorite 


There’s nothing faster than the new a owt its vill oe ) design tools — including MicroSim, Data 
: are too ude schem en ; Deas F 
members of our MACH family. Our 1800- “and timing simulation capabilities.  1/O° and Viewlogic’— directly from AMD? 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. FusionPLD is a service mark and MACH, AMD, and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Other product or brand names mentioned are property of their respective holders. 
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You get the right tools, right away. 


If you need additional design support, you can 
always rely on our FusionPLD“ partners, a team of 


vendors ready and waiting to give you the support 
you need when speed is of the essence. 

What's more, AMD delivers both JTAG testing and 
Volt in-circuit programming. So you have the flex- 
ibility to test, program, and reconfigure your designs 

right on the board. And both capabilities are an 
integral part of our free in-circuit programming kit. 
So call AMD today for more information on the 


f 
; 


entire high-speed MACH family, design tools, and 
our free 5-Volt in-circuit programming kit. Because 
with AMD behind you, you'll finish faster every time. 


Ask for our free 
programming 


kit 19Q. 


® 


Advanced Micro Devices 
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That’s the good news about ASIC test. 
But there is a dirty little secret too—a 
part that too many design engineers 
have tried to pretend doesn’t exist: 
Making sure before you have silicon 
that the devices will be testable when 
silicon finally arrives requires much 
more than turning an automatic-test- 
pattern-generation (ATPG) package 
loose on the design. Test-development 
can still take months and, in the case of 
mixed-signal ICs, sometimes stretches 
to over a year. But there’s more good 
news: Suppliers of electronic-design- 
automation (EDA) tools and automatic 
test equipment (ATE) are introducing a 
host of products to automate dozens of 
tasks that are essential for developing 
adequate tests. Designers previously 
performed these tasks by hand. 

These tools fit into a category called 
“virtual-test” (VT) tools. Cadence 
Design Systems was among the first to 
use the term in connection with IC test 
but has not applied for a trademark and 
has no plans to apply for one. Indeed, 
the company would be happy if other 
vendors began using the phrase. Marv 
Wolfson, vice president of Cadence’s 
test-software business, thinks that such 
acceptance would enhance the con- 
cept’s credibility. Nevertheless, because 
there is no universally agreed-upon 
scheme for categorizing EDA tools, 
Wolfson is concerned that other com- 
panies could confuse users by attempt- 
ing to alter Cadence’s meaning. 

That meaning is specific: VT tools 
allow test engineers to create, optimize, 
simulate, and debug test fixtures and 
device-test programs that can run on 
ATE systems. VT tools’ main goal is to 


Classical gate-level stuck-at fault simulation for circuits not designed with the use 


of DFT methodologies is inherently computation-intensive; the operation can take 
weeks, even on a powerful workstation. Specialized hardware accelerators, like 
these Paradigm XP units from Zycad Corp, can cut fault simulation times by as 


much as two orders of magnitude. 


shorten product-development cycles 
through more efficient use of test-engi- 
neering resources. The tools, which 
begin by taking input from the device’s 
design database, allow users to com- 
plete most test development before sili- 
con becomes available without tying up 
scarce and expensive ATE. 

An added benefit is the tools’ ability 
to reveal device-design problems that 
affect testability. Through VT, users 
can demonstrate that devices are 
testable before transmitting the designs 
to a foundry. Designers who learn 
about test problems soon enough can 
modify their designs to eliminate the 
need for costly work-arounds or even 
costlier mask redesigns. VT recognizes 


that the roles of design and test engi- 


neers are complementary and that test | 
engineers are designers, albeit not of | 


products—but of the fixtures, test pro- 
grams, and procedures that make possi- 
ble economical production of high- 
quality products. 

Don’t be confused by the seeming 
similarity between VT tools and a more 
familiar type of EDA tool, the design- 
rule checker. To be sure, both types of 
packages help to ensure testability, but 
design-rule checks occur earlier in the 
design cycle—before the insertion of 
the chip features that provide testabili- 
ty. Design-rule checking aims to verify 
that automatic test-structure insertion 
packages can, in fact, add features that 


“Tortuous:” the dictionary defines it as “winding, twist- 
ed...complex.” Electronic-design-automation (EDA) tool ven- 
dors have spent countless person-years developing tools that 
make the path to IC quality less tortuous. Although these 
efforts have achieved considerable success, the path is still not 
straight or smooth. Part of the reason is that most of the 
efforts focus on the first two categories in the test-develop- 
ment-automation tool list on the next page: design-for-test- 
ability (DFT) and pattern-development tools. 

DFT tools in particular are used early in the design process. 
In most companies, the users are design engineers—the tradi- 
tional audience for EDA products. Users of pattern-develop- 
ment tools are more varied. In some companies, test-pattern 
development is a design function. In other companies, the job 


falls to test. In a few cases, netlist files go off to a foundry, and 
the foundry generates the test patterns. 

Test engineers working in IC-fab facilities are most likely to 
use virtual-test (VT) tools. Although design verification and 
manufacturing test have different objectives, putting respon- 
sibility for VT too far from design can result in test programs 


that fail to find critical device defects. Despite the capabilities | 


of the design-rule-checking packages used earlier in the design 
process, projects that wait too long to use VT tools miss a gold- 
en opportunity to correct design flaws while they can still be 


corrected at moderate cost. Undoubtedly, the probability that | 


both the first silicon and the first iteration of the test program 
will work as desired improves dramatically as cooperation 
between design and test goes up. 


i 
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provide high fault coverage. As part of 
creating test packages, VT tools can 
complement design-rule checking by 
proving that rule checking has 


achieved its goals. 


The most appropriate term for the 
universe of tools involved in ASIC test 


s “test-development automa- 
tion” (TDA) tools. (Some ven- 
dors use the term “test-automa- 
tion,” but the tools, most of 
which are software, don’t auto- 
mate testing; ATE does that. 
The tools automate various 
aspects of test development.) 
The box, “The tortuous path to 
IC quality,” and the table, 
-“Test-development-automation 
tools,” indicate the types of 
tools and their significance in 
test development. The listings 
should shed light on the roles of 
classes of tools. In the manu- 
facturers’ box, you’ll find 
names of EDA suppliers that 
offer TDA tools as well as names 
of vendors of semiconductor 
ATE systems. 

According to Ben Bennetts, 
_ senior test consultant at Synop- 
sys, achieving a testable design 
for a digital IC involves the fol- 
lowing five primary steps, 
which Bennetts attributes to 
Robert Aitken of Hewlett- 
Packard: 

e Design-rule checking to 
make sure that the design 
conforms to the rules for the 
chosen DFT methodology or 
methodologies—full or par- 
tial scan, built-in self test 
(BIST), boundary scan, or 
IDDQ (a technique for 
CMOS ICs that finds faults 
by measuring a chip’s quies- 
cent supply current, I,,,,). 
The rule-check precondi- 
tions the circuit for the 
insertion of test structures 
that implement the chosen 
methodologies. 


@ Test-structure insertion—for exam- 
ple, conversion of D flip-flops into 
scannable latches. Test-structure 
insertion is often called “test syn- © Fault simulation and fault-coverage 
thesis’—another somewhat mis- 
leading term. Test synthesis doesn’t 
synthesize tests; it synthesizes sili- 
con structures that make it conve- 


nient to design tests. 


@ Global reoptimization to assure 
that the design that now includes 
test structures meets the original 
constraints on such factors as tim- 
ing, area, output-drive capability, 
and power dissipation. 

e@ Test-pattern generation, or the gen- 


| Tes T-DEVELOPMENT-A UTOMATION TOOLS | 


| Design-for-testability (DFT) tools (Gest synthesis ata: 2 


Testability-analysis tools 
Design-rule checkers 
PLD testability-analysis tools 
Stuck-at fault-simulation and vector-grading tools 
Hardware accelerators for fault simulation 
Delay-fault simulators 


Test-structure insertion tools 


_ Boundary-scan-structure insertion tools _ 
Internal-scan-structure insertion tools 
Partial-scan tools 
BIST-structure insertion tools 

Regular-structure BIST insertion 
Random-logic BIST insertion 
Tools for inserting IDDQ-initialization structures 


Pattern-development tools 


~ATPG 

Full-scan ATPG 

Partial-scan ATPG 

Sequential ATPG (Ed note: such as it 28 

Boundary-scan vector generators 

IDDQ vector-generation tools : 

Tools for predicting IDDQ and setting test limits 

Vector-compaction tools 


Virtual-test tools 


EDA-related 

(Tools that support ATE from more than one supplien) 
Test-rule-checking tools 
Test-schematic-capture tools 
Test-documentation tools 

Tools for automating test-fixture design and layout 

Test-fixture-simulation tools 
Tester-resource-simulation tools 
Signal-analysis tools 


Format-conversion tools (also see testerspecfic c VT Banal 


Tester-specific | 
(Tools specific to particular ATE systems or systems, from one 


supplier) — 
_ Format-conversion tools (also see EDA-related VT els) 
ATE system software 
Test-sequencing tools 
_Test-optimization tools 
Test-debugging tools 
Test emulators (also called test-event sitiubators) 
Tools for off-line test-program development 


eration of test patterns that, when 
applied to the circuit, make faults 
observable. 


grading of test-vector sets. Fault- 
coverage grading, is commonly 
referred to as “fault grading,” 
doesn’t grade faults; it grades vector 
sets’ ability to detect faults. 


; 


Although modern test-pattern gen- 
erators include fault simulators, free- 
standing fault simulators can still be 
useful. Such simulators start with func- 
tional vectors (developed for design 
verification). These vectors provide 
structural-defect coverage without 


additional effort. Func- 
tional vectors usually 


provide 40 to 50% fault 


coverage and often catch 
timing-related faults. 
Whereas fault coverage of 
40 to 50% is usually not 
adequate for production 
test, it can be a good 
starting point. Moreover, 
timing-fault coverage is 
something that scan-test 
vectors don’t normally 
provide. 

Even though these five 
steps go a long way 
toward assuring testabili- 
ty with a specified degree 
of fault coverage, they do 
not, in general, complete 
the job of producing a 
testable design. That job 
involves steps such as 
design and debugging of 
test fixtures and test pro- 
grams. Although the test 
vectors that ATPG tools 
create. are the most 
important elements of a 
test program, they aren’t 
the program. Moreover, 
until you debug the test 
fixture and test program, 
design problems that 
affect testability may 
remain hidden. This is 
especially true when 
devices are complex or 
have appreciable analog 
or mixed-signal content 
or when the specifica- 
tions push process limits 
or tax test-equipment 


_ capabilities. 


An objective of virtu- 


al-test tools is to minimize the likeli- 
hood that the test fixture, test program, 
or ATE idiosyncrasies can interfere with 
valid and adequate testing. To be useful 
for this purpose, the tools must not add 
appreciable delays to the design cycle. 
Design engineers and program man- 
agers cannot tolerate a process that 
delays the transmission of a design to a 
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foundry by more than a few days. 
However, the need to rush products 
to market is no greater than the need to 
turn over every stone when looking for 
device faults. Semiconductor test and 
process engineers often use the follow- 
ing equation to determine how high a 
test process’ fault coverage must be. 
Although some of the assumptions 
underlying the equation are open to 
question (uniform density of defects 
across the wafer, for example), nobody 
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has come up with a technique for cal- 
culating required fault coverage that is 
easier to apply or in which reliability 
experts have more faith. 


DL=1-(Y'"°), 


where DL=defect level (the portion of 
devices that pass the test but are, in fact, 
defective), Y=yield (the portion of all 
devices tested that are good), and 
FC=fault coverage (the fraction of all 


possible faults that the test can finding). 


If DL=1000 ppm=0.1%=10° and 
FC=0.9, 
10°=1-(Y°) 
¥=0:992; 


Thus, if the fault coverage is 90% and 
you can’t tolerate more than 0.1% bad 
devices’ getting through your test 
process, you must be confident that the 
manufacturing process (before testing) 


IVANUFACTURERS OF TEST-DEVELOPMENT-AUTOMATION TOOLS 


For free information on test-development-automation tools such as those discussed in this article, circle the appropriate numbers on the | 
postage-paid Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the following manufacturers _ 


directly, please let them know you read about them in EDN. 


Accugen Software Inc 
Nashua, NH 

(603) 881-8821. 

Circle No. 301 


Advantest America Inc 
Fort Lee, Nj 

(201) 886-0300 

Circle No. 302 


Altium, an IBM Co 
San Jose, CA 

(408) 534-4100 
Circle No. 303 


Ando Corp 
Sunnyvale, CA 
(408) 991-6700 
Circle No. 304 


Arkos Design Inc 
| Scotts Valley CA 
(408) 461-8100 
Circle No. 305 


| AT&T Design Automation 
| Murray Hill, Nj 

(908) 582-4083 

Circle No. 306 


Attest Software Inc 
Santa Clara, CA 
(408) 982-0246 
Circle No. 307 


Cadence Design Systems Inc 
Beaverton, OR 

(503) 626-7117 

Circle No. 308 


Chrysalis Symbolic Design Inc 
Andover, MA 

(508) 475-7700 

Circle No. 309 


Compass Design Automation 
San Jose, CA 

(408) 434-7852 

Circle No. 310 


Corelis Inc 
Cerritos, CA 
(310) 926-6727 
Circle No. 311 


Credence Systems Corp 
Fremont, CA 

(510) 657-7400 

Circle No. 312 


CrossCheck Technology Inc 


San Jose, CA 
(408) 432-9200 
Circle No. 313 


Eagle Test Systems Inc 
Mundelein, IL 

(708) 367-8282 

Circle No. 314 


Flynn Systems Corp 
Nashua, NH 

(603) 891-1111 
Circle No. 315 


Hewlett-Packard Co 
Santa Clara, CA 
(800) 452-4844 
Circle No. 316 


Ikos Systems Inc 
Cupertino, CA 
(408) 255-4567 
Circle No. 317 


Integrated Measurement 


Systems Inc 
Beaverton, OR 
(503) 626-7117 
Circle No. 318 


JEH Consulting Inc 
Monument, CO 
(719) 488-3454 
Circle No. 319 


JTAG Technologies BV 


Eindhoven, the Netherlands 


31-40-782-584 
Circle No. 320 


Logical Solutions 
Technology Inc 
Campbell, CA 
(408) 374-3650 
Circle No. 321 


LSI Logic Corp 
Milpitas, CA 

(408) 433-8000 
Circle No. 322 
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LTX Corp 


Westwood, MA 
(617) 461-1000 
Circle No. 323 


Megatest Corp 
San Jose, CA 
(408) 437-9700 
Circle No. 324 


Mentor Graphics Corp 
Wilsonville, OR 

(503) 685-7000 

Circle No. 325 


Micro Component 
Technology Inc 
San Jose, CA 

(408) 432-3200 
Circle No. 326 


MOSaid Systems Inc 
Santa Clara, CA 
(408) 727-7199 
Circle No. 327 


Motorola Inc 
Phoenix, AZ 
(602) 994-6561 
Circle No. 328 


Schlumberger Technologies 


San Jose, CA 
(408) 437-5129 
Circle No. 329 


Simutest Inc 
Sunnyvale, CA 94086 
(408) 720-9427 
Circle No. 330 


Summit Design Inc 


_ (formerly TSSI) 


Beaverton, OR 
(503) 643-9281 
Circle No. 331 


Sunrise Test 
Systems Inc 
Santa Clara, CA 
(408) 980-7600 
Circle No. 332 


Synopsys Inc 
Mountain View, CA 
(415) 962-5000 
Circle No. 333 


$-Z Testsysteme 
Sunnyvale, CA 
(408) 749-8797 

_ Circle No. 334 


Teradyne Inc 
Boston, MA 
(617) 422-2567 
Circle No. 335 


Teradyne Inc 

Agoura Hills, CA 
(818) 991-2900 
Circle No. 336 


Texas Instruments Inc 
Dallas, TX 

(214) 575-6396 

Circle No. 337 


Viewlogic Systems Inc 
Marlborough, MA 
(508) 480-0881 

Circle No. 338 © 


Zycad Corp 
Fremont, CA 
(510) 623-4551 
Circle No. 339 


VOTE... 

Please also use the Information 
Retrieval Service card to rate this 
article (circle one): 

High Interest 598 

Medium Interest 599 

Low Interest 600 


Super Circle Number 
For more information on test- 
development automation tools 
available from all of the vendors © 
listed in this box, you need circle , 
only one number on the pestage: 
paid reader service card. _ 
Circle No. 340 


HRINK YOUR 
FLESS DESIGN AND YOUR COSTS 
WITH HARRIS SILICON i 


Squeeze ounces and inches out of Features 


your next wireless project — and 


dollars out of your cost budget — HFA3600 LNA/Mixer 
with new RF front end ICs from ¢ Power consumption: 11mA @ 5V, 
Harris, Our HEA3600 LNA/Mixer 1.2 mW (sleep mode) 


e INA noise figure: 2.3dB 

¢ Mixer OJP: +3.2dBm 

¢ Integrated 50Q matching 

¢ Integrated power down function 
¢ Just $1.82 (5000s) 


gives you low-power, low-noise 
900 MHz performance in 40% 
less space than discretes. Yet they 
cost just $1.82 each in 5000 piece 
quantities. And it’s part of a whole 
family of high-performance, low-cost 
Harris silicon RF ICs, including our 
HFA3102 Dual Long-Tailed Pair 

Transistor Array and HFA3101 

Gilbert Cell. They all pack a lot of 
product into a package that’s 

compact — with a price to match. 


HFA3102 Dual Long-Tailed Pair 
Transistor Array and HFA3101 
Gilbert Cell 


e Power Gain Bandwidth: 5 GHz 
¢ Current gain: 70 

e Excellent hfe and Vbe matching 
e Just $1.80 (5000s) 


As with t ‘3600, the honeybee packs a lot of 
potential in a small package and the rewards are 
inexpensively sweet. 3 


SEMICONDUCTOR 


ANSWER | (all 407-724-3818 and request documents: 
3655 (HEA3600), 3635 (HEA3101), 3663 (HEA3 102). am) et 
Or call 1-800-4-HARRIS and ask for extension 7266. 


EUS 


HARRIS 
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yields at least 99.1% good devices. 
If Y=0.8 and FC=0.9, DL=0.022. 


In other words, if the fault coverage is 
90%, and 80% of the devices you send 
to test are good, 2.2% of the devices 
that test tells you are good, are, in fact, 
defective. 

In today’s market, few applications 
can tolerate defect levels as high as 
1000 ppm, let alone 2.2%. Most appli- 
cations, even commercial ones, require 
defect levels no higher than 200 ppm. 
The message is clear: 90% fault coverage 
is rarely adequate. Adding to the prob- 
lem of achieving adequate fault cover- 
age is the assertion that devices that 
purportedly can be tested with 100% 
fault coverage using scan-test vectors 
actually achieve fault coverages no 
higher than the low 90% range when 
tested with functional vectors. If this 
assertion is correct and if the faults 
detected in functional testing are not 
delay faults—which scan does not 
claim to catch—the allegation that 
scan-test vectors provide less than 
100% coverage raises doubts about the 


| EDN | Cover STORY 


L Name AAAAABIO 
Index: 6BBS 


MOLATION: Th & 
ARS ei ehuany s 

EXPLANATION: aniahed by ander ta teal ihe lau could et Se scteoced 
He tS A CO RR Pees Te SLI ate i Tet at SO Hees Re Tie Va ess to at 
Seieroe tert : : 


SMILEY tee Set aie: 


Packages such as TestBench from Altium perform design-rule checks. In this screen, 
the graphic display indicates a conflict that prevents a fault from being activated 
or propagated. 


effectiveness of scan methodologies. 
Because no single test method 
reveals every fault, if you need a low rate 


of test escapes (defective devices that 
escape detection in test), you need to 
use a combination of test methodolo- 


LOOKING AHEAD 


In IC test, as in so many other areas of electronics, a wonder- 
ful synergy is developing. That synergy—between structured 
design and test-development automation (TDA)—will make 
test development faster and easier and will make testing more 
effective. Alas, though, like nearly everything else the elec- 
tronic-design-automation (EDA) industry touches, new, 
improved, TDA tools are unlikely—at least at first—to live up 
to vendor promises. (Users would have walked away long ago 
from most industries with the EDA industry’s sorry record of 
overpromising. EDA users have little choice, however; they 
can’t do their jobs without EDA tools. Fortunately, EDA ven- 
dors usually deliver promised tools to those who can wait long 
enough.) 

The most important incentive to implement TDA is the con- 
tinuing march toward greater IC complexity. That march is 
possible only because of the use of top-down design method- 
ologies. From a test viewpoint, top-down design can remove 
the designer too far from the gate level. But, since you really 
have to think at the gate level (and maybe even at the transis- 
tor level) to achieve good fault coverage, you have to look to 
new technologies to make sure that complex devices are test- 
ed adequately. The new technologies are automatic test-struc- 

_ture insertion (test synthesis) and automatic test-pattern gen- 
eration (ATPG). | 

Test synthesis and ATPG aren't panaceas, however. For exam- 
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ple, many informed industry observers doubt that ATPG will ever 
become a reality for sequential circuits. And, except when used 
on designs for relatively simple devices of moderate perfor- 
mance, ATPG doesn’t come close to doing the whole test-engi- 
neering job. Thus, virtual-test tools should become important 
components of test engineers’ arsenals. Marketing those tools 
effectively poses a challenge to the EDA industry, however. 

With the exception of a few companies, EDA companies do 
not have close ties to test engineers. (Summit Design—for- _ 
merly TSSI—is probably the most notable exception. Cadence, 
thanks to its ownership of ATE vendor Integrated Measure- 
ment Systems—IMS—is another.) The challenge for EDA com- 
panies is to develop the ties with test engineers that they 
already enjoy with design engineers. Clearly, EDA vendors 
have been courting the test community; for several years, 
many EDA companies have been highly visible at the Interna-_ 
tional Test Conference. (The 1994 edition of the conference 
will take place on Oct 3, 4, and 5 in Washington, DC.) 

Nevertheless, any EDA vendor that seriously intends to do 
business with the test community must do more than appear — 
at industry events. A word of advice to the vendors seems 
appropriate here: If you think design engineers are cynics, get 
to know a few test engineers! The way to test engineers’ hearts 
definitely is not through excessively optimistic product-perfor- 
mance and delivery claims. 


With a propagation delay of just 7.5ns, the new 

LVT22V10 is far and away the world’s fastest 3-volt PLD. 
Its blazing speed is the only thing that keeps pace 

with today’s high-performance 3-volt CPUs. And it's 
: also loaded with critical functionality. Like low ground 
bounce (<0. 8Vo1p). Live insertion for on-line systems. Flexible 
3/5V mixed system support. And a variety of packages and 


“temperature ranges. 
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gies: full scan on portions of the chip 
that are amenable to full scan, partial 
scan elsewhere, boundary scan on the 
I/O lines, BIST on structures such as 
RAM, IDDQ to detect faults that elude 
the other methodologies, and possibly 
some delay-fault testing. Although such 
a mixed approach may sound too com- 
plex to be practical, industry experts 
are nearly unanimous on its validity. 
Moreover, with the right suite of test- 
development tools, you can achieve 
high fault coverage more easily by mix- 
ing methodologies than by doggedly 
applying a single, sometimes inappro- 
priate, approach. 

IDDQ is a promising technique. 
Thanks in part to a well-documented 
study that has become an industry clas- 
sic (Ref 1), the approach is starting to 
see broad application. IDDQ has sever- 
al advantages: It imposes minimal con- 
straints on chip designers. Although it 
may be advisable to add structures to 
the silicon that initialize the chip for 
IDDQ tests, such structures aren’t 
mandatory. Creation of IDDQ vectors 
requires minimal knowledge of a chip’s 
operation. You need no more than a 
few hundred IDDQ vectors to provide 
high fault coverage—even for chips 
with half a million gates. And, 
although definitive studies are still 
lacking, several people familiar with 
the technology expect to see a high cor- 
relation between I... and delay faults. 

That’s the good news about IDDQ 
testing. The bad news is that, today, the 
tests are so time-consuming that few 
foundries apply more than a small frac- 
tion of the IDDQ vectors needed to 
achieve high fault coverage. (The num- 
ber of vectors applied usually is under 
20. Such limited IDDQ tests act as an 
adjunct to functional and scan tests.) 
IDDQ tests are slow because you must 
measure tiny currents—micro- 
amps at most—and, on ATE systems, 
only the slow pin-measurement units 
can perform the task. Help is on the 
way, though. An industry group called 
QTAG (the name was adapted from 
JTAG, the Joint Test-Action Group that 
ultimately became the IEEE-1149 
Boundary-Scan Committee) will short- 
ly announce a design for a bipolar cur- 
rent-to-voltage-converter IC housed in 
an eight-pin SOIC package that test 
engineers can mount on device-under- 
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test (DUT) boards. The IC significantly 
speeds IDDQ testing by supplying 
a voltage proportional to I, that ATE 
systems’ high-speed hardware can 
measure. 

A second problem with IDDQ is that 
setting test limits often involves a trial- 
and-error process, which, in turn, 
requires actual devices. However, soft- 


With high-performance and mixed-sig- 
nal ICs, designing for test involves more 
than developing a set of test vectors. A 
critical component is the board that 
connects the device under test (DUT) to 
the automatic test system. Teradyne’s 
A500 series test systems for analog VLSI 
ICs use boards like these. 


ware to predict the levels of I, in good 
devices should arrive soon, allowing 
designers to set test limits accurately 
before the arrival of first silicon. 


Still only a few VT products 
Whereas nearly half of the types of 
TDA tools fall into the VT category, less 
than half of the available TDA products 
are VT tools. VT tools complement—but 
do not replace—the more classical DFT 
and ATPG tools. To be sure, designs of 
certain types—mixed signal, for exam- 
ple—need VT more than do other types 
of designs. The most ambitious EDA- 
related VT tool is probably Cadence’s 
Dantes (an acronym derived from 
design and test engineering system) for 
analog and mixed-signal designs. 
Version 2.0 of the two-year-old tool 
will debut at the 1994 International Test 
Conference in October. Among its capa- 
bilities is test-rule checking to make sure 
that proposed tests do not ask the test 
equipment to do things it can’t do. This 
capability assures, for example, that you 


don’t ask a voltage source to slew faste1 
than its specified maximum rate. 
Dantes also provides several features to 
aid in documenting test setups and 
parameters; it can accept input in the 
form of test schematics. Moreover, it 
automates the layout of test fixtures 
such as DUT boards. 

Dantes lets you simulate these 
boards, including their parasitic induc- 
tances and capacitances. Thanks to the 
cooperation of ATE vendors, Dantes 
also permits simulation of the resources 
of mixed-signal test systems. These 


_ resources include such components as 


voltage/current sources, measurement 
subsystems, and switch matrices. Cou- 
pled with design data on the device to 
be tested, this simulation capability lets 
you accurately predict how a device will 
behave on a real tester. 

Even after you simulate individual 
tests, you don’t have a complete test 
program; you have a collection of tests. 
Although you might think that a test 
program is nothing more than such a 
collection, that isn’t the case. Trans- 
forming the tests into a working pro- 
gram involves a bit of science and a bit 
of art. This is where tester-specific VT 
tools enter the picture. 

Test-sequencing tools (one type of 
tester-specific tool) attempt to mini- 
mize test time by looking at the tester 
and device states at the end of each test 
to make sure that a minimum number 
of things must happen before the next 
test can run. Here, “things” means vec- 
tors that must be applied to the DUT or 
commands that must be executed to 
make various tester resources ready for 
the next test. 

Even when test sequences are deter- 
mined in the manner described above, 
throughput is not necessarily maxi- 
mized. Tests that devices are most likely 
to fail should run first. This minimizes 
the time spent testing devices that will 
ultimately be rejected. Test-program- 
optimization tools attempt to strike a 
balance between tester- and device-state 
considerations and the likelihood that 
devices will fail individual tests. 

Another part of test-program opti- 
mization is binning of devices. Binning 
is more of a concern with standard ana- 
log and mixed-signal parts than with 
most ASICs. Vendors often sort analog 
ICs into multiple performance grades, 
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but binning can also affect digital ICs— 
an example is Ps that are sorted into 
several speed grades. Binning strategies 
can influence test sequencing and 
throughput: You can save time when 
devices placed in lower performance 
categories need not undergo all tests. 
A device can fail a test because the 
device is bad or because of problems 
with the test or the test program. Test- 


debugging tools provide visibility of the 


state of the tester, its individual 
resources, and, sometimes, the DUT 
itself to aid in determining what has 
gone wrong when the test results do not 
agree with the expected results. 

Some observers of the IC-design 
scene comment that the role of the test 
engineer is becoming superfluous or 
that modern EDA tools are reducing the 
role of the test engineer to that of a 
technician. That is not the case. In real- 
ity, test engineers are design engineers. 
Instead of designing products, they 
design the fixtures, test programs, and 
processes that make possible the eco- 


Motorola's PowerPC 603 ,.P has approx- 
imately 300,000 gates. Thanks to struc- 
tured DFT methodologies, developing 
test vectors for the chip was not the big 
job you might think. Using tools from 
Mentor Graphics, Motorola engineers 
did the job in only a few days. 


nomical, high-quality manufacture of 
products thought up by design engi- 
neers. New TDA tools offer test engi- 
neers power similar to the power that 
EDA tools place in the hands of design 
engineers. But for companies to derive 
the full benefit of TDA,: design engi- 


Sun Spark 5 workstations, AutoCad release 12, 


TREE HAE 


Cadence schematic capture, circuit simulation and 


UME PRETTY 


PCB design software, Internet Connectivity, 


BIG NAMES 


Altera Max + Plus Il Development Systems, 
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neers must develop more understand- 
ing of the evolving role of test engi- 
neering. And, most important, partner- 
ing between design and test must begin 
very early in the life of each project. 
EDN 


Reference 

1. Maxwell, Peter C, R Aitken, V 
Johansen, and I Chiang, “The effective- 
ness of IDDQ, functional, and scan 
tests: How much fault coverage do we 
need?” Proceedings of the International 
Test Conference 1992, pg 168. 


You can reach Senior Technical Editor Dan Strassberg at 


(617) 558-4205, fax (617) 558-4470, EDN BBS: 
EDNSTRAS. Internet: ednstrassberg@mcimail.com 


VOTE 


Please use the Information Retrieval Service card 
to rate this article (circle one): 


High Medium Low 
interest interest Interest 
598 599 600 


ran 


mpany of AU] 


Aco 


CIRCLE NO. 82 


of 


Page | 

Page 5 

Page 8 
Page 9 
Page 9 
Page 10 
Page 10 


Ing 


| Process 


/O 


ta 
© Digital Signa 
® Multibus 


[| 


Based Data Acqu 


~ Software 
~ Hardware 


ig 


® Operator Interfaces 
© Bar Code Computers 


WHAT’S INSIDE 
eD 


ee 


> 
—s 
-_ 
jm 
J 
— 
& 
© 
C= 
(fhe 
=, 
— 
< 
[am] 
_ 


bers 2 


New DIMENSIONS 


._«._—_«_._._e_ : 2 si 
FEATURES /BENEFITS , at Fae CE eee ee 
Graphical, block-diagram development ee + 
environment: requires no programming 
Context-sensitive, on-line help 
Analog and digital input up to IOMHz 
High-speed data streaming to disk 
Real-time data displays and controls 
Dynamic Data Exchange (DDE) with 
other Windows® programs 
Supports serial RS232, RS422, 
and RS485 communications 
Optional Visual Designer Custom 
Block ToolKit enables Windows 
programmers to add new block 
functions and support custom 
hardware 

e Significantly reduces application 
development time 


IDEAL APPLICATIONS 


‘Visual Designer has hundreds of app 
| Se 2 PODas - tions in the factory, field and laborator 
Visual : omens 3 : A few of the most popular are 
° Test poole. = oscilloscopes, 


2 ee — engine analyzers 
: emissions analyzers specialized perfor 
ice testers, Ce data loggi ing 


ees air ee one me ) 

environmental control 
Manufacturing — process monitoring 

& control, product testing, machine control 
e Research and Development — data 
logging, experiment analysis, laborator 
automation 

e Power Utility Monitoring — power 


license. ( suey nN event it analysis, 


‘sng ipObianuhinhane: LiPo eakate 


hed: ewead aarseemennere anmiem em 


bE eoasag PE RRER. 
" 


ibaierccente Ya 


—— INPUT/OUTPUT UNDER DMA 


Integral _ 
Inverse (1/x) 
—— LoglO 


CAPTURE, 


FEATURES /BENEFITS 

| to 32 Channels of Data Acquisition 
Wide Range of Data Analysis and 
Manipulation Functions 
Oscilloscope and Spectrum Analyzer 
Supports Wide Range of 

PCI Hardware 

High-Speed Processing 

Sample Rates up to |OMHz 

Data Acquisition at Full Hardware 
Speeds 

Real-Time Streaming to Disk 


MOIST 


FIR a IIR digital fi 
the necessary filter 


high-pass, band-p 


| sind) 


sssinc.tim 


a Smooth{ssinc.tina(t)_ {t+ 1 10}} 
1824 pts @ 4 Hz; REAL32 Binary — 


| Stor is set for manual (Fi) 
LAP oD Re Ee G/B Fo 


hartStream allows your PC to acquire 
display, and analyze analog data from 


~ multiple channels without writing custom 


software. It is modeled along the lines of ~geauismon 


the familiar standalone chart recorder. 


ChartStream's two software ‘components, a 
the data recorder and the post-process e 
 . ~ Variable Scan Rate 
} : “TRIGGERING 

“the aren Recorder streams up 


data at operate together _ 


: 80 channels of analog data to disk at a 


~ total rate of up to 100,000 samples/second. 
As data is streamed continuously to disk, 


itis also immediately displayed on the 
screen in strip-chart or 7 plots or in 


| tabular form. | - 
~ ChartStream Analyzer is isa powerful yet 


easy-to-use, graphical data analysis 


package for data manipulation and display , 


Available graph types include strip-chart, 
-X-Y plot, and multi-plot graphs, 
_ ChartStream also supports integrals, 


CHARTSTREAM 
STREAM MULTICHANNEL DATA TO DISK WITH ANALYSIS AND. DISPLAY. 


FUNCTIONS 


ee 
— RECORDER 


~ ]00kHz Stream to Disk 
_ | MHz Stream to 
Mem 


Analog Channel 


__ Digital Channel 
__ Pre- and Post-Iriggered 


Operation 


: REAL TIME CALCULATIONS 


: Engineering Units 


Calculated Channels 


: 5 ae and three levels of ere oo 


. ORDERING INFORMATION 


: DESCRIPTION 
- ChartStream Recorder/Analyzer 


PART NUMBER 
PC-20379S-| 


/ ao : NOTE: CHARTSTREA sure THE ro PCI 0577 W-1 AND PC-20501C BOARDS. 


Ce 
Strip-Chart Plots 
Real-Time Display 


10 Display Pages 


Rifos 
Tabular cee 


CHARTSTREAN 


ANALYZER 


Pon 
Zoom 
Playback 
d/dt 
Jat 
Smoothing 
Titles 
Labels 
Text 
Print 


FEATURES /BENEFITS 
Records up to 80 analog channels 
with real-time display 

Streams to disk at up to |OOkHz: 
to memory at up to IMHz 
Mathematical operations on 
waveforms, including integration, 
differentiation, and inter~channel 
arithmetic 

Graphical post-process analysis 
and display 

Graphical user interface; menu- 
driven operation 


Real-time engineering unit conversion 


Multiple real-time display pages 
Pre- and post-triggered operation 


FEATURES / BENEFITS 

Premium Functionality at Low Cost 

lOORHz Multichannel Analog 

1/O Throughput 

16SE/8Diff Analog Inputs (-3, l6SE) 

|2-Bit Resolution 

DMA Data Transfer to Host 

Memory (External Triggering) 

Two 12-Bit Analog Outputs 

(-1 and 2 only) 

Dual DMA for simultaneous 

analog input /output 

8 Digital Inputs, 8 Digital Outputs 

| Counter /Timer, 2 Rate Generators 

Includes Master Link, C Language, 

DOS Drivers and Windows DLL 428K & 
Lifetime Warranty -3 CIRCLE NO. 193 


“35/2100 ee 
a 


DIGITAL 1/0 
a “ Ports, leve 


Master 
Tc 
_ Drivers . 


ORDERING i 
DESCRIPTION 


—RHDDATBNL 83 
oo PC20428W-2 es 


CIRCLE NO. 194 


SPECIFICATIO 


| 16/8, 12 bit (1 part 
| 10. 80°SE, to 40 Dif 


 AQ.01Z%FS 
45K, TOOKH2 


| 2 expandable to 8), 1 


2, 16MHz, TL 


~ 0.002Hz to 2MHz, 1 


FEATURES / BENEFITS 
Completely Software Programmable 
Up to lOOkHz Multichannel 
Gap-Free Sampling 

l6SE/8Diff 12-bit Analog Inputs 
Random Channel /Gain Sequencing 
DMA, Interrupt and Polled Modes 
Burst-Mode Sampling, Triggering 
16 Buffered Digital 1/O Channels 
Two 16-Bit Counters 

Accepts up to Two Option Modules 
Includes Master Link Software 
Drivers for DOS and Windows 
Lifetime Warranty 


DW P OWER Data 


FEATURES /BENEFITS 
Completely Software Programmable 
IMHz Gap-Free Throughput To 
Host Memory 

e 8SE, 12-Bit Analog Inputs 

e Two DMA Channels 


FEATURES /BENEFITS 
e 45kHz and 1OOkHz Models, 
12-Bit Resolution 
e 16 SE/8 Diff Analog Inputs with 
DMA Data Transfer to Host Memory 
e Rate Generator with 83MHz 

Crystal Timebase e Random Channel Sequencing 
e DMA Data Transfer to Host . ae — e Burst-Mode Sampling, Triggering 
e 8 Digital Input, 8 Digital e 16 Digital 1/O Channels 


Output Channels Ser e Two 16-Bit Counters 
e Two l6-Bit Counters ; e Accepts up to Two Option Modules 
e Includes Master Link Software LLP e Includes Master Link Software 


Drivers for DOS and Windows 
e Lifetime Warranty 


Drivers for DOS and Windows 
e Lifetime Warranty 


VISUAL CHARTSTREAM SIGNALYZER MASTER 


LINK 
Drivers 


DESIGNER 


| Ran fier: ioe — | 
eRREURENTS 


RING INE FORMATION : 


PC 203772 | 
PC = 


FEATURES / BENEFITS 
40, 120 or 240 Digital [/O Channels 
Programmable as \nputs or Outputs 
in 8-Bit Ports 

Software Programmable: No Jumpers 
High Current-Sink (24mA) and 
Source (I5mA) Capability 

Includes Master Link Software 
Libraries for DOS and Windows 
Lifetime Warranty 


SOFTWARE SUPPORTED: SOFTWARE SUPPORTED: 


CIRCLE NO. 196 


CIRCLE NO. 197 


VISUAL Guacnuns Scuitaes MASTER VISUAL MASTER 


DESIGNER LINK DESIGNER LINK 
DRIVERS : DRIVERS 


Cl-20378W Series anc 
\ 087W-1 Digital I/OB 


_ ae Current Vout = - high 15mA. | 


ee tas Curent sas : low 24m | | 


DSP PRocESSOR BOARDS 
ZPB34A SERIES 


FLOATING POINT DSP BOARDS 
PART NUMBER DESCRIPTION PRICE 


Our DSP product line offers both fixed 
and floating point solutions. Our DSP 


boards are supported by a wide range 1PB34A AT&1 DSP32C, 5OMHz, 64K to 2.25M RAM from $995 
: ANALOG |/0 OPTIONS: 

oe 1PB100 Ich, 16-bit, 8kHz input/output $395 

7PD1002 2ch, 12-bit, 1OMHz input $3495 

1PD1003 Ich, 16-bit, 500kHz input $2295 

7PD1007 2ch, 16-bit, 200kHz input/output $1495 

1PB1008 8ch, 12-bit, |OOKHz input $1195 


FIXED POINT DSP BOARDS 


PART NUMBER DESCRIPTION PRICE 
PC-20202C TLTMS320025, 50 MHz, 64k RAM from $995 
EXPANSION MODULES: : 
PCI-20019M-1A 8 Channel, 89kHz, 12-bit Analog Input $560 
CIRCLE NO. 198 PCI-20023M-I 8 Channel, 200kHz, 12-bit Analog Input $895 
PCI-20341M-1A 4 Channel, 85kHz, 16-bit Analog Input $695 
PCI-20003M-2 2 Channel, 12-bit Analog Output $195 
PCI-20006M-2 2 Channel, 16-bit Analog Output $545 
PCI-20021M-1B 8 Channel, 12-bit Analog Output $570 


SEEMED at RPM eH HET PRY SRP HO ETE HS IEICE TECTED OH SOO REESE Tore ICTR Te RT Me pur CMe Te Tne P ie se iccaion centennial in 


Muttipus DATA ACQUISITION PRobuctTs — 


DIGITAL 1/0 AND COUNTER BOARDS 


Our Multibus product line offers a wide 


range of industrial /O including: analog PARTNUMBER DESCRIPTION | | ___ PRICE 
input analo output di ital | O and MP802B 32 Channel Relay Qutput Board 
pu, eee Set cial! (0.54, 10W per channel $765 
counter/timer boards. NMPB1ONS 74 Channel Isolated Digital Input : oe 
(0 to 84VDC, 0 to 168VAC) | $875 
MP830-72 72 Channel Digital Input/Output ofa) 
MP821B-15 15 Channel Counter/Timer $1645 
CIRCLE NO. 199 
ANALOG INPUT BOARDS 
PART NUMBER CHANNELS INPUT RANGES RESOLUTION PGA RATE ANALOG OUTPUT PRICE 
MP8418B 31SE/15Difl +25, 0-5, +5 12-bits None 26 kHz 2 ch, 12-bit $1,315 
0-10, +10 Volts 
MP8418B-PGA 31SE/15Diff +25, 05, +5, 1 2-bits 1 to 1000 2.8 kHz 2 ch, 12-bit $2,085 
0-10,+10 Volts 
MP4 1 8B-EXP 96SE/48Dift +25, 0-5, +5, $865 
0-10,+10 Volts 
ANALOG OUTPUT BOARDS 
PART NUMBER CHANNELS OUTPUT RANGES RESOLUTION CONVERSION TIME PRICE 
MP8316-V 16 +25, 0-5, +5, 12-bit 3.5 msec $1,095 
0-10, +10 Volts 
MP831 6+ 16 0-24.5 mA bit 85 msec $1,265 


© FOR ORDERS, MORE INFORMATION, AND 


FOR OPERATOR INTERFACE & DATA COLLECTION 


| Our bed ine e of Hoenik allows 


you to select a ‘model with just the 
features you need—from a basic operator — 
interface to a multifunction unit for bar 

~ code data collecti ion. We offer a selection 

- of cases, functions, keyboards, a 
: and much more. - 
Youll find our ‘products i in use ae | 
: wide as operator i interface /control panels 
_ or as data collection terminals ideal 

| applications include: 


“OPERATOR NTEREAC/ . 


CONTROL PANELS — 


e Instrumentation 
-© Communications Products — 
¢ Machine Set-Up & Control 
‘Test and Measurement — es 
e Process Controllers — =DATA COLLECTION 
Inventory Control & oo TERMINALS a 
(5) os Shop Foortontel =~ PARAMETER 


» Material Tracking  =——_ | Communications 


PRICED oe ky 
FROM $195 a 
FOR CATALOG __e Inventory Control ee Physical 
(800) 685-9911 - @ Quality Control — 


; — | Functions. 
Machine Monitoring — oo 


LAN: READY DAR COor rcs 


LANpoi int Computers® are a family of Companies worldwi ie count on our 
compact, rugged DOS PCs designed to. . - _LANpoint Computers for applications 
add bar code capabilities to a LAN. Both such as: 
_ bar code decoding and an Ethernet™  —e Material & Document Taking 
interface are built-in AndastandardPC _e Shipping & Receiving - 
COMI port can . used to attach serial Or _@ Time & Attendance — - 
RS232 devices : -_ e Job Costing | 
-e LANpoint® is the smallest unit, : : - _e Labor Data Collection 
measuring just 90°W x 50H x 5D 
and weighing only 17Ib. It includes 2 ee oe 2 
fulkeyboard = ts” oo — Tested and oS 
e TIMEpoint®, designed fort time g . eee 
attendance, features a cast-metal case 
-and a built-in bar code Or — | 
FOR COMPLETE 
stripe reader. i LANPOINT INFORMATION 
"FACTORYpoint®, our NEMA 4 (P66) (800) 685-9911 
industrial model, wi ithstands the harshest 
environments. — = 


WANDEOOK (800) 655-9911) 


~ CIRCLE NO. 200 


SPECIFICATIONS 
BD | 
1x16 100, LED or 2 x 40 Backlit LCD 
Numeric, Aphanumeric 

NEMA 4 (P66) 

Extended Temperature Available 


6 to 18 Programmable 


INSTRUMENTATION™ 
A Burr-Brown Company < 


i INTELLIGENT 


6550 S. BAY COLONY DR., MS130 © TUCSON, ARIZONA 85706 @ (800) 685-9911 © FAX (602) 573-0522 


Visual Designer™, LANPoINT COMPUTERS®, LANPOINT®, TIMEPoINT®, FACTORYPOINT®, Intelligent Instrumentation, Inc: Windows®, MS-DOS®, Microsoft Corporation: 
Ethernet™, Xerox Corp: The Yes logo and the NetWare logotype (shark teeth) are trademarks of Novell, Inc. 


Lifetime warranty covers products from the date of purchase until five years after the date that INTELLIGENT INSTRUMENTATION discontinues manufacturing the product. 
The information provided herein is believed to be reliable: however, INTELLIGENT INSTRUMENTATION assumes no responsibility for inaccuracies or omissions. 

INTELLIGENT INSTRUMENTATION assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. 

Prices and specifications are subject to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. 
INTELLIGENT INSTRUMENTATION does not authorize or warrant any INTELLIGENT INSTRUMENTATION products for use in life support or aircraft control applications. 


© 1994 Intelligent Instrumentation BLI-186 Printed in the USA, August 1994 


How to Get a 
Benchrul of Signals 
Without a Bench 
Full of Generators. 


one are the days of scouring waves up to 40 MHz to complex together two, three or more genera- 
in the lab for function-specific pulse trains and arbitrary wave- tors. With gating, looping, linking, 
generators. forms. When you use signal summing, and 
At a price that's less than Model 395 as a pulse gen- ee ou ee complete arbitrary wave- 
many single-purpose generators, erator, for example, you sweep estoy form capability, our 
Wavetek's new Model 395 does the can individually control pulse generator, universal signal source 
job of seven different signal sources the amplitudes, widths, modulator, can produce just about 
and does every job extremely well. and rise and fall times for trigger generator, | any waveform you can 
In an instant you can choose from up to ten pulses in a train. noise generator, conceive. You can even 
a host of signals, from clean sine On-screen help makes ae aly all of store any setup for later 
signal re: use — for recall at the 
selection easier touch of a button! 
than ever. | So come to the source for all your 
You can create signal needs. Call Wavetek today at 
many signals that 1-800-223-9885, and get all the 
might otherwise details on the new Model 395 
require hooking universal signal source. 


The Universal Signal Source. 


U.S.A.:(619) 279-2200 / U.K.:(603)404824 / Germany:(089)96 09 49-0 / Hong Kong:(852)865-1903 
©1993 Wavetek Corporation CIRCLE NO. 97 


What's Revolutionizing the Test Industr 


COMPUTER SEQ 


LabVIEW” 


— o Graphical Programming for 
- = Virtual Instrumentation 


Operate Functions 


BAA 


phan | 


aemincacaieas neared 


i 


(Pencrernvay 


8 
8 


Virtual Instr 


True Breakthrough less money using industry-standard Where both hardware and software 

in Instrumentation computers and object-oriented software. are open, modular, reusable, and 
Virtual Instrumentation is interchangeable. Where vendor-defined 
revolutionizing the test industry. A True Breakthrough becomes user-defined through flexible 
How? By empowering you to build in Productivity software combined with general- 
your test systems better than ever Virtual instrumentation is much purpose instruments. | 
before. Reusing both hardware and more than a graphical user interface 
software from one system to the next. _ ora layer of icons in the name of A True Breakthrough in Software 
Easily enhancing existing systems to “ease of use” — it’s a new philosophy. At National Instruments we understand 
meet future needs. Using your existing A philosophy that delivers a true the importance of software for virtual 
instruments and even leveraging breakthrough in efficiency and instrumentation. That’s why we’ve 
your existing code. Most importantly, productivity. Where software is pioneered this revolution with the test 
doing all this in less time and for optimized for you and by you. industry’s two leading software products. 


1993 ANNUAL 
E. WINDOWS 


WIN AWARD 


Branch Offices: Australia 03 879 9422 « Austria 0662 435986 * Belgium 02 757 00 20 ¢ Canada 519 622 9310 e Denmark 45 76 26 00 « Finland 90 527 23: 
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COMPUTER SEQ 


LabWindows/CVI 


C Programming for 
Virtual Instrumentation 


<1> c:\testexec\video.c 


vin[ 4096]. 
highLinit. 
lovLiait: 


3 Racal Dana RD2251 Counter/Timer [¥XI)... 
4 HP 603xA Power Supply... 


Load... 


UseriInfo (): 


BoTesti (double highLinit. 
tartupConfig{¥VIDEO. ON): 


™&1i395 standard (vtkID. SQUARE): 
tkyv=z4240_ acquisition (tekID. PRETRIG, samples, 90); 


double lowLimit, double result) 


for (1=0:i<testSteps:; STEP++) 


¥tki395_cont_vave (wtkID. freq[{STEP]}): 
tkv=4240_read_data_to_array (tekID, record. start. stop, size. 
wim, 4096); 


} 
Compare (vim. highlimit. lowlimit, *result): 
UpdateEXEC (¥IDEO. result): 


mentation. 


If you like graphical programming, for instruments from more than just youre right. Virtual instrumentation 

choose LabVIEW, the graphical one vendor — drivers for plug-in DAQ redefines the test industry, shifting 

language that others are judged by. boards, powerful test executives, the balance of power from vendors 

If you like conventional programming, _industry-standard connectivity, and to you — so you define the future. 

choose LabWindows/CVI, the only links to your existing code. And 

interactive C environment designed with compiled speed and a single, Join the Virtual Instrument 

for building virtual instruments. consistent programming paradigm Revolution and discover why... 
from top to bottom, you don’t need The Software is the Instrument. 

A True Breakthrough to struggle with a hodgepodge of 

in Functionality different tools to build your system. 

Both LabVIEW and LabWindows/CVI 

feature extensive GPIB and VXI A True Breakthrough in Test 

instrument drivers in source code — If you think there’s a lot at stake here, 


For your FREE LabVIEW or LabWindows/CVI 
demonstration package call 
(800) 433-3488 (U.S. and Canada) 


e¢ NATIONAL 
INSTRUMENTS’ 


The Software 1s the Instrument® 


Corporate Headquarters * 6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 USA « Tel: (512) 794-0100 ¢ Fax: (512) 794-8411 
© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 


For more information on LabVIEW Circle No. 204 
For more information on LabWindows/CVI Circle No. 205. EDN September 29, 1994 ® 49 
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The LM12434/8 ~ A 12bit mono- 
The Fastest 


) _ & lithic serial I/O system-on-a-chip with fast, zero- 

mal C slue-logic serial interface to all the popular 
S In g | e - C h Dp microprocessors ~ Analog front end includes 4- or 
Data Acquisition System 


(140 ksps) 


8-channel mux and 12-bit+sign ADC with sample- 


and-hold ~ Digital features include user-program- 
mable conversion sequencer with 8-word RAM for instruction storage, 16-bit delay timer, and 32-word 
conversion FIFO ~ Specified for high speed (140ksps with 45mW [max.] power consumption @ 5V) 
or low power (105ksps, consuming 20mW [max.] @ 3.3V) — For ordering information and a 


product information kit with free evaluation software, call 1-800-NAT-SEMI, Extension 319. 


National Semiconductor 


©1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1-800-628-7364, Ext. 319 Fax: 1-800-888-5113). All rights reserved. 
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Control kKough Waves 
with Soft Switching 


Reach new heights in power factor The UC3855 Advantages 
correction performance. The UC3855’s | OR Sa Provides all control functions for Zero 
unique “soft switching” technique Voltage Transition (ZVT) boost PFC 
dramatically reduces diode recove abl ildeg ho eile top 
y y increases efficiency 
and MOSFET turn-on losses. The result Inductor current synthesizer allows 
is super-high efficiency which enables single current sense transformer 
higher frequency switching and more © Fixed frequency average current mode 
oz _ control minimizes line current distortion 
compact preregulator designs. 
© Overvoltage and overcurrent protection 

Call, FAX or write us today for free © UVLO threshold options 
samples and application information. © SOIC and PLCC packages available 

INTEGRATED 

CIRCUITS 

UNITRODE 

TEL: (603) 429-8610 
FAX: (603) 424-3460 
LS./ISO 9001/EN 29001 7 Continental Boulevard, Merrimack, NH 03054 
CIRCLE NO. 46 
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more difficult. Ever-increasing 


with single-supply voltages, and 


P-AMP DESIGNERS ARE 
scrambling to keep pace 
with changes in ADCs, 
changes that often make 
driving these converters 


speed and resolution, more ADCs 


more ADCs with switched-capac- 
itor input structures are forcing 
system designers to carefully eval- 
uate the drive amplifier’s performance. 

Depending on the input signal and 
source, many sampling A/D convert- 
ers—particularly the switched-capacitor 
types—require an input-drive amplifier 
to amplify extremely low-level signals, 
to provide a low-impedance 
source for the ADC inputs, or 
to provide the necessary drive 
current for the ADC. 

You might ask why manu- 
facturers of monolithic, 
hybrid, and modular products 
don’t routinely include op 
amps or buffers in front of 
their ADCs. In the case of an 
IC, ADC manufacturers use 
processes that may not be 
compatible with drive-amplifi- 
er requirements. For example, 
using a CMOS process makes it 
difficult to meet the low-drift 
and -noise requirements of 
high-performance analog 
functions. In the case of 
hybrid and modular ADCs 
that combine high resolution 
and speed, manufacturers 
don’t include amplifiers 


| EDN | DESIGN FEATU 


= 


SS Ss — 


om drive amplifiers 


because applications often require dif- 
ferent amplifiers, such as one optimized 
for low noise or another optimized for 
low distortion. 

ADC manufacturers, particularly 
those that also produce op amps, often 


DRIV 452 ANALOG 
AMPLIFIER 7 IN 


DIGITAL 
OUT 


Choosing the best amplifier for driving an ADC requires that 
you evaluate the amplifier from two perspectives. First, you 
must ensure overall op-amp and ADC performance. Second, 
you must examine your ADC’s input structure and take steps 
to minimize its effect on the amplifier. 


Evolving ADC 


make specific drive-amplifier sug- 
gestions. However, the drive amp 
you ultimately choose needs to 
closely match your system require- 
ments. Choosing the optimum 
drive amplifier requires looking at 
the problem from two perspec- 
tives. The first is sheer overall per- 
formance. The second is the spe- 
cific ADC input structure and how 
it can affect the performance of 
the op amp. 

To provide the best overall perfor- 
mance, the op amp ideally should con- 
tribute no additional error to that of the 
ADC. One way to ensure this is to use 
an amplifier whose noise, as measured 
in S/N ratio, is much better than the 
ADC’s theoretical, best- 
case dynamic range. The 
familiar equation for this 
range is: 


6.02 N+1.76 GB, 


where N equals the num- 
ber of bits. For a 12-bit sys- 
tem, then, an amplifier 
should have an S/N ratio of 
74 GB. 

Willie Rempfer, design 
manager of ADCs at Linear 
Technology, recommends 
that you also keep in mind 
the results of adding the 
noise power of two 
sources—in this case, the 
op amp and the ADC. A 
simple calculation tells you 
what the combined S/N 
ratio is. First, transform the 
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S/N ratios in -dB to voltages, that is, 
divide by 20, then calculate 10*. Next, 
calculate the square root of 
the sum of the squares and 
then convert the result back 
to dB by multiplying the log 
by 20. 

The results from a series of 
these calculations demon- 
strates how an op amp can 
affect the overall perfor- 
mance. For two components 
with equal S/N ratios, say 93 
dB, the joint S/N ratio is 3 dB 
less at 90 dB. If you choose 
an op amp with an S/N ratio 
3 dB higher than that of the 
ADC, you Knock the overall 
S/N ratio down by only 1.8 
to 91.2 dB. With a 6-dB dif- 
ference, an ADC of 93 dB 
and an op amp of 99 dB pro- 
duce an overall result 1 dB 
down, or at 92 dB. A differ- 
ence of 10 dB produces an 
almost-negligible difference—O.4 dB. 

The point of these theoretical calcu- 
lations is that the op amp has to be 
much have a higher S/N ratio than the 
ADC to have no detrimental effect on 
the ADC’s performance. 

Another way to evaluate op amps, 
suggest Texas Instruments engineers Al 
Miller and Paul Nossaman, is to com- 
pare an op amp’s performance to the 
weight of an ADC’s LSB in volts. For 
example, the LSB weight of a 10-bit con- 
verter with a 4V input range is 3.9 mV 
(4V/1024). Compare this number to 
amplifier specifications, such as input- 
offset voltage, drift, and noise, all mul- 
tiplied by the closed-loop gain, to get 
an idea of the errors the amplifier intro- 
duces. For example, an amplifier with a 
gain of 10 multiplied by an offset of 0.5 
mV produces 5 mV, or 1.28 LSBs, of 
error. 


Bandwidth, settling time 

To determine the speed require- 
ments of a drive amplifier, you need to 
match the amplifier’s settling time to 
the ADC’s acquisition time. Also, band- 
width requirements can be much more 
than you expect. Burr-Brown Applica- 
tions Manager Bonnie Baker says that 
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This plot for a theoretical, single-pole system provides an idea 
of the relationship between the input signal's frequency and 
a dominant, single-pole frequency to produce a given level of 
accuracy. For 12-bit single-pole systems, the single-pole fre- 
quency F, must be 100 times the signal frequency F to intro- 
duce no gain errors. (Courtesy Burr-Brown Corp) 


many customers drastically underesti- 
mate the bandwidth necessary to sus- 
tain gain accuracy. Without substantial 
amounts of gain over the input signal 
bandwidth, you can easily introduce 


16 
(NO. OF BITS) 


errors that exceed 1 LSB. 

Fig 1, which applies only for single- 
pole systems and for accuracy of 0.25 
LSB, provides a general idea of how 
high a single-pole frequency must be to 
produce a particular level of accuracy. 
For example, consider a unity-gain 
amplifier with a single closed-loop pole 
at 10 MHz (F,=10 MHz). According to 
the plot, the highest signal frequency 
(F) you can amplify to 12-bit accuracy 
is 100 kHz because F,/F is approximate- 
ly equal to ~100 at 12 bits. Worse yet, 
for 16-bit accuracy, the plot indicates 
that you would need almost 400 times 
greater amplifier closed-loop band- 
width than signal bandwidth. (Remem- 
ber, amplifiers can have more than one 
pole, the pole of the amplifier may not 
be the dominant pole, and the plot 
applies to 0.25 LSB accuracy. The 
graphs for 0.5 and 1 LSB accuracy 
would be flatter.) 

Certain applications require ampli- 
fiers with higher performance levels 
than those that the ADC typically dic- 
tates. Undersampling, for example, 
requires that an amplifier’s bandwidth 
be compatible with the high-frequency 
input signal, not the slower sampling 
rate of the ADC. 


ACCURACY | 


After defining your requirements, 
you hope to find an amplifier that 
meets those specifications. Unfortu- 
nately, this may not be easy. Engineers 
at Analogic and Datel know all too well 
that the choice of ADCs to 

drive the companies’ high- 
resolution and high-speed 
ADCs (Ref 1) is limited. 
Although numerous suit- 
able op amps are available 
for 12-bit ADCs, only a 
handful of parts is suitable 
for driving the 14- and 16- 
bit, above-500-kHz, hybrid 
and modular ADCs that 
these companies produce. 
According to Don Travers, 
Analogic’s product market- 
ing manager, engineers at 
Analogic can spend as 
much time working on the 
front end as on the ADC 
itself. 

When recommending op 
amps to their customers, 
both of these companies 
choose from a select group. 
Depending on the applications, the 
choice requires a tradeoff between dis- 
tortion, noise, and settling time. Set- 
tling time is particularly difficult 
because few manufacturers test to a set- 
tling time of 0.001% that’s approxi- 
mately equivalent to 16-bit perfor- 
mance. 

For example, Analogic recommends 
Analog Devices’ AD843 ($3.70) (all 
prices quoted are for 1000-piece quan- 
tities) for applications requiring the 
fastest settling, but this choice doesn’t 
result in the lowest noise performance. 
For lowest distortion, they recommend 
the AD845 ($2.76). Datel engineers also 
recommend the AD845, which, accord- 
ing to the company’s tests, settles to 
14-bit accuracy in 400 to 500 nsec. The 
AD811 ($2.85) has even faster settling 
to 14 bits, or 200 nsec. Even faster is 
Comlinear’s CLC402 ($5.25), which for 
2V signals settles to 14-bit accuracy in 
50 nsec. Burr-Brown’s OPA627 ($7.35), 
which is somewhat slower but accurate 
to 14 bits, also makes Datel’s recom- 
mended list. 

Some of these recommendations 
may be about to change. Analog 
Devices has just introduced a new gen- 
eration of extremely low-distortion 


here may be only one 
ower source more reliable 


han our switchers. 


Our Global Performance switchers give 
you reliability, performance and full 
agency approvals, including UL1950 
without D3 deviation, CSA22.2 No. 234 
Level 3, IEC950, EN60950, VDEO805 
Class B EMI and VDE0871 Level B EMI. 
Medical versions are approved to UL544, 
IEC601-1, CSA234 Level 3 and VDEO750. 


-ondor’s Global 
erformance® power 
upplies offer continuous 
‘ange input, full agency 
approvals and more. 


Features include: 


-71 models (single- and multi-output) 

- Industry-standard packages 

- Custom designs available 

-8 power levels (40 to 225W) 

- Continuous-input voltage (85-264VAC) 

-OVP on all 5V outputs and single- 
output units 


- MTBF 100,000+ hours per Mil Hndbk 217E 
- 8-hour burn-in with cycling (24 hours 
on medical versions) 
- Computerized testing (data sheets 
furnished) | 
- 2-year warranty 
- 30-day FREE evaluation (call for samples) 
If you want top performance and 
reliability with quick turnaround and 
competitive pricing, try Condor’s Global 
Performance switchers. The only 
approval they’re missing Is yours! 


WORLD CLASS RELIABILITY 


=CONDOR 


Condor D.C. Power Supplies, Inc. » 2311 Statham Parkway, Oxnard, CA 93033 - (805) 486-4565 + 1-800-235-5929 (outside CA) - 
FAX (805) 487-8911 + Send for our catalog, or see us in EEM. 
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amplifiers, the AD9631 and AD9632 
(both $4.12). At 1 and 5 MHz, respec- 
tively, these amplifiers exhib- 
it typical distortion of -113 
and -95 dBc. Spectral noise 
density is 7 nV VHz. Settling 
time to 0.01% is typically 16 
nsec. 


Lower input ranges 

The group of high-accura- 
cy and high-speed amplifiers 
starts to dwindle as power- 
supply voltages decrease. The 
current crop of 14- and 16-bit 
ADCs with sampling rates of 
1 MHz and above typically 
have wide input ranges of+5 
ort10V and work from high 
supply voltages of +15V and 
sometimes an additional +5 
or -SV supply. However, 
these companies are consid- 
ering designing lower voltage 
parts that might present a 
problem in accuracy rather 
than speed. For example, 
Analogic designer Tony Dici- 
accio knows of no amplifier 
that settles to 16-bit level 
without a thermal tail in the 
+5V amplifier supply range. 

Supply voltage has a decided impact 
on amplifier performance. Numerous 
amplifiers can meet 12-bit accuracy and 
distortion specs at 1 MHz, but few can 
do this while operating from a single 5V 
supply. Although many companies 
have already announced numerous sin- 
gle-supply amplifiers—at the latest 
count, Analog Devices has 11 families 
and 25 products—most are still design- 
_ ing op amps that can drive the higher 
performance, single-supply ADCs. 

Designing an amplifier with wide 
input and output ranges and other 
characteristics, such as low distortion, 
wide bandwidth, fast settling, and 
Capacitive drive, is no easy task. Accord- 
ing to Walt Kester, staff applications 
engineer with Analog Devices, an op 
amp doesn’t have to be rail-to-rail on 
both the inputs and outputs. In gener- 
al, it’s more important for an op amp to 
have an input that can go to ground 
than one whose input can go to the 
positive rail. Another important asset of 
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an amplifier is that its output swing 
within Vos, Of either supply rail, 
which implies common-emitter or 
totem-pole outputs instead of the tradi- 


tional emitter-follower outputs. 


Ao, (OPEN-LOOP GAIN) 


A 60 
(GAIN, dB) 


LOOP GAIN = 
IAB = 60 dB 


IABI = 20 dB 


Ac, (CLOSED-LOOP GAIN) 


The classic open- and closed-loop curves show that loop- 
gain—which is inversely proportional to output impedance— 
decreases as you approach the unity-gain crossover frequen- 
cy. The higher the output impedance, the more difficulty an 
amplifier has handling current spikes from the ADC. 


To achieve higher ac performance for 
their single-supply amplifiers, compa- 
nies are designing new input and out- 
put stages. For the new OP279 ($1.31), 
designers at Analog Devices altered the 
usual input biasing to reduce distor- 
tion. The amplifier can typically sup- 
ply+80 mA and has‘a THD specification 
of 0.01%. A patent-pending output 
stage in Maxim Integrated Products’ 
MAX492 ($2.25) and MAX493 (from 
$1.45) family helps these rail-to-rail 


output amps drive capacitive loads 
Maxim recommends the 500-kH) 
MAX492 family for driving ADCs, “ 
as the company’s 12-bit, 75 
sample/sec MAX187. 

Still, single-supply 0] 

amps have a long way to g¢ 
before they can adequately 
_ drive 16-bit ADCs or those 
_ faster than 1 MHz. Fo! 
| example, the current crop oO. 
_ single-supply amplifier: 
- cannot meet the noise oi 
| open-loop gain require- 
- ments for driving 16-bit 
_ delta-sigma ADCs. 
On the high-speed side, 
_ National Semiconductor is 
_ working to design a better 
_ amplifier to drive its 12-bit, 
| 1-MHz ADC12062 ADC] 
| Finding an amplifier that| 
_ swings 5V rail-to-rail at this 
speed is difficult. Until the 
| last few months, the compa-' 
ny recommended its 
LM6361 ($1.75) amplifier, 
which requires bipolar sup-| 
plies. However, the compa- | 
ny recently announced the 
rail-to-rail LM6142 ($2.10). 
Compared with driving the | 
12062 with a perfect source, 
driving the ADC with the 
6142 reduces S/N ratio plus | 
distortion by just 1 dB, from 70 to 69 | 
dB. Still, the company isn’t satisfied | 
and is working on a higher speed ampli- 
fier, the LM7131 (from $1.55 to $1.85), 
for release next month. 

The basic problem with rail-to-rail | 
amplifiers, says National Application 
Engineer Bill McDonald, is that there 
isn’t much gain in the amplifier’s feed- 
back when the op amp is operating near 
the rails. This lack of gain causes set- 
tling problems, particularly if the ADC 


LOOKING AHEAD 


Current and future challenges for op-amp designers include achieving lower noise | | 
and distortion for high-resolution and high-speed ADCs. However, you won't see _ 
a flurry of activity in this area because of these ADCs’ lower volumes compared with 


other ADC types. 

For single-supply systems, op-amp designers will have | to continue to design 
innovative circuit structures to improve drive capability, settling time, and distor- 
tion at high bandwidths. You will see more single-supply amplifiers with improved 
ac specifications. 


D/As for Application 


16-Bit D/A Ideal for 
Industrial Applications 


DAC712 is a 16-bit D/A designed and 
specified for industrial applications—it’s 
ideal for ATE equipment, analog I/O 
boards, robotics, process controllers, 
and similar designs. A full-function 
device, it’s complete with a precision 
+10V temperature-compensated voltage 
reference, +10V output amplifier, and 
16-bit port bus interface. Featuring a 
fast, 16-bit parallel, double-buffered 
interface for direct connection to 
industrial buses, DAC712 beats the 
competition in price, power, and size. 
It is packaged in a 28-pin, “skinny” 
0.3in DiP—half the size of our 
competition! Power dissipation is a low 
600mW, and prices have been cut, too! 
It’s also available in a 28-lead SOIC 
package and priced from $13.00 in 100s. 


Circle No. 26 


Multiplying — 


D 


Dual, CMOS, 8-Bit D/A 
Delivers Competitive 
Performance and Price 


DAC7528 is a dual, 8-bit, CMOS multiply- 
ing D/A converter—it’s a pin for pin 
replacement for the industry standard 
“DAC7528”. Use it for digitally controlled 
filters, disk drives, motor control 
systems, X-Y graphics, programmable 
gain/attenuation, and auto calibration 
applications. Key specs are: double 
buffered data latches, single 5V supply 
operation, +1/2LSB linearity, four-quadrant 
multiplication and TTL compatibility. 
DAC7528 is available in a 20-pin DIP, 
SOIC, and die. Priced from $4.14 in 100s, 
delivery is immediate and off-the-shelf. 


Circle No. 28 


12-Bit Serial Input D/A 
in 8-Pin Mini-DIP & SOIC 


DAC8043 is a 12-bit, CMOS multiplying 
D/A converter that’s a pin for pin 
replacement for the industry standard 
“DAC8043”. Its small size, low cost, and 
high performance make it perfect for auto 
calibration, motion control, programmable 
amplifiers/attenuators, and digitally 
controlled filters. Key specs are: 12-bit 
accuracy, 3-wire serial interface, +1/2 LSB 
INL/DNL, +1LSB gain accuracy, 5ppm/°C 
gain tempco, and TTL/CMOS compatibility. 
Operating from a +5V supply, DAC8043 is 
available in an 8-pin Mini-DIP, SOIC, and 
die. Priced from $7.47 in 100s, delivery is 
immediate and off-the-shelf. 
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Burr-Brown Corporation ° P.O. Box 11400 « Tucson, AZ * 85734-1400 « Call (800) 548-6132 or FAX (602) 741-3895. 


New Data 
Conversion 
Products IC 
Data Book 


The Data Conversion Products 
IC Data Book contains 
detailed product descriptions, 
complete specifications, 
applications tips, and [ a... 
ordering information for [ ~~ 
our broad line of high © 
performance, data conversion 
products. Over 950 pages, it offers more than 25 
new data conversion solutions. New products 
profiled include: A/D and D/A converters, data 
acquisition components, sample/hold amplifiers, 
V/F converters, and multiplexers. The Data Conversion 
Products Data Book is FREE from any Burr-Brown 
sales office or representative. Or, call the Literature 
Hot Line at (800) 548-6132 to get your copy. 


Circle No. 27 


New 16-Bit 
Serial-Input D/A 
For Industrial Applications 


Low Cost, High Accuracy 16-Bit D/A 


DAC56 is a complete 16-bit, monolithic D/A— 
at $5.83 in 1000s, it’s the most cost-effective, highest 
accuracy D/A available for the industrial market today! 
It’s self-contained with a stable, low noise, internal 
zener voltage reference; high speed current switches; 
a resistor ladder network; and a low noise output op 
amp—all on a single chip. Key specs are: 0.012% lin- 
earity errror (max), 12-bit guaranteed monotonicity, 
1.5us voltage out settling time, 350ns current out 
Settling time, +3V voltage out, and +1mA current 
output. Use it for process control, ATE equipment, 
and multiple channel applications. Specified over the 
0°/70°C temperature range, DAC56 is available in 
16-pin DIP and SOIC packages. 


Circle No. 30 


BURR - BROWN® 
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input kicks back any unusual current or 
charge spikes. Thus, at peaks of a sine 
wave, settling becomes more difficult 
and can potentially lead to increased 
second-harmonic distortion. The 
LM7131’s design provides adequate 
gain bandwidth even for signals close 
to the supply rail. The unity-gain 
crossover frequency is around 70 MHz. 

Performance is not the only reason 
that lower supply voltages complicate 
your choice of a drive amplifier. The 
input-voltage range of new high-speed, 
single-supply ADCs is not ground-refer- 
enced but is centered around some 
common-mode voltage between 
ground and the positive supply. For 
instance, the input-voltage range can 
be 2V p-p centered around 3V. Thus, if 
you start with a ground-referenced 
input signal, you need to either 


ac-couple or level-shift the input with a 
single-supply op amp that also has the 
necessary distortion specifications and 
drive capability. 

Level-shifting is important not only 
because of changing supply voltages 
but also because of changing ADC 
input ranges. Gone are the days of wide 
input ranges for most ADCs. Many 
input ranges are now 1 to 2V, which 
you may need to shift before the ADC 
input. You can level-shift using an op 
amp and resistors or using difference 
amplifiers, such as Analog Devices’ 
AD830 ($2.42) and Linear Technolo- 
gy’s LT1187 ($2.85). 

You don’t necessarily have to drive a 
SV ADC with a SV op amp. As long as 
you pay attention to the ADC’s input 
and common-mode range, you can use 
a +5 or +15V amplifier. You may need 
to take steps to protect the ADC. For 
example, each member of the Burr- 
Brown’s ADS family includes a front- 
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FOR FREE INFORMATION... 


end resistor that provides inherent 
input-overvoltage protection. However, 
all ADCs do not offer such protection. 
For such cases, clamped amplifiers can 
prevent the amplifier from driving the 
ADC with an out-of-range signal. Most 
clamped amplifiers and those with out- 
put limits need to recover from satura- 
tion quickly to keep the ADC from 
going into saturation. 

Comlinear, Harris, and Analog 
Devices produce amplifiers with output 
limits. Harris’ 350-MHz HFA1135 
(around $3) runs on +5V supplies and 
has a maximum saturation recovery 
time of 1.5 nsec. Analog Devices has 
also just released two clamped ampli- 
fiers, the AD8036 and AD8037 (both 
$4.12), which feature high-speed and 
second- harmonic distortion around 72 
dB at 20 MHz. Thus, these devices are 
suitable for 10-bit systems and imple- 
ment the clamping at the amplifier’s 
input, which the company says pro- 
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duces better clamp accuracy and lin- 
earity than do competing products. 


Focus on ADC inputs 

In addition to picking the 
right amplifier from strictly 
a performance point of view, 
a second major factor gov- 
erning the amplifier choice 
is the ADC’s input structure. 
Flash converters, with their 
notoriously nonlinear and 
high input capacitances, 
were formerly the most diffi- 
cult ADCs to drive. Now 
switched-capacitor input 
structures are usurping that 
reputation. 

In general, all ADCs fit 
into one of three groups, 
depending on whether they 
have benign, flash, ‘or 
switched-capacitor inputs. 

Benign ADCs have rea- 
sonably high and mostly 
constant input impedances 
and cause no unusual per- 
turbations at the output of 
the op amp during sampling 
intervals. Many of Analog 
Devices’ bipolar ADCs, such as the 
1671, 871, 872, 9022, and 9023, fit into 
this category. 

Although flash converters used to 
routinely require high current at high 
speed to drive their high input capaci- 
tances, manufacturers such as Signal 
Processing Technology have reduced 
the problem in new flash converters. 
Five years ago, a 150-MHz part from the 
company had a 45-pF input capaci- 
tance. Now, newer architectures and 
processes make possible a 150-MHz 
ADC with 10-pF capacitance. 

Converters with switched-capacitor 
sampling inputs are the newest genre of 
ADCs. Many types of ADCs, including 
almost all CMOS types and high-reso- 
lution delta-sigma and audio ADCs, 
now feature these inputs. An ADC with 
this switching structure doesn’t auto- 
matically have high input impedance, 
and the input impedance can change 
during the sampling cycle. These inputs 
also cause transient currents that shock 
and disturb the op amp’s output. The 
op amp then must settle back to its orig- 
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inal buffered or amplified version of the 
input signal before the next conversion. 

Unfortunately, it’s virtually impossi- 
ble to tell from op-amp settling-time 
specifications what the settling perfor- 
mance will be under these circum- 
stances. Settling time after a transient 


Switched-capacitor input structures are not all the same. To 
reduce the transient currents produced by the basic 
unbuffered-capacitive-sampler structure in (a), some manu- 
facturers have added series resistors, as in the resistive-input 
sampler (b), and others implement a front-end coarse-charge 
buffer (c). (Courtesy Jerome Johnston of Crystal Semi- 
conductor) 


event at the output is not the same as 
the settling time a company specifies 
on op-amp data sheets. Normal settling 
time refers to how long an amplifier’s 
output takes to settle based on a step 
change at the amplifier’s input. In dri- 
ving switched-capacitor ADCs, the out- 
put is at the desired level, but the ADC 
perturbs this output. No op amp data 
sheet directly addresses this type of 
output settling time. 

However, it is possible to get some 
idea of how an amplifier will react to 
transients by looking at phase-vs-fre- 
quency curves. If the phase response 
rolls off in a smooth linear fashion, the 
op amp will likely settle fairly effective- 
ly after an output glitch. Without a 
smooth roll-off, especially near the 
crossover frequency, peaking in the 
response of the amplifier will occur. 
Too much peaking implies that the 
amplifier lacks a well-behaved transient 
response and will have difficulty dri- 
ving the ADC’s transient load. 

You can also take steps to minimize 
the effects of the output transient. The 


most important step is to ensure tha 
the amplifier maintains a low outpu 
impedance over all input frequencies o 
interest. Op amps with high outpu 
impedances can’t quickly respond tc 
changes in an ADC’s input capacitance 
or handle the transient currents the 
ADC kicks back. If the of 
- amp doesn’t settle in time fo1 
_ the next conversion, nonlin- 
- earities can result. 
By looking at single data- 
| sheet numbers, you might 
| assume that most op amps 
_ have a fairly low and con- 
| stant output impedance. 
| However, most data-sheet 
| numbers apply only when 
_ the amplifier has sufficient 
| loop gain. Also, output- 
| impedance-vs-frequency 
| curves often stop short of 
| revealing what happens at 
| high frequencies. If the 
~ dynamic load placed that the 
ADC places on the amplifier 
is beyond the amplifier’s 
unity-gain crossover fre- 
quency, the output imped- 
ance can be quite high. 
Remember that high loop 
gain is necessary for low out- 
put impedance, according to 
the following equation: 


Rae gl STAB, 


where R, is the open-loop output 
impedance and Af is the loop gain. As 
you get closer to the unity-gain 
crossover frequency of the op amp, AB 
decreases, leading to increased output 
impedance (Fig 2). 

This impedance requirement then 
translates directly to a bandwidth 
requirement. A higher bandwidth op 
amp has higher loop gain and thus lower 
output impedance at higher frequencies. 
According to Harris Semiconductor lin- 
ear-product-marketing engineer Chris 
Henningsen, this is one reason to use an 
800-MHz amplifier in front of a 20-MHz 
ADC, which is sampling a 5-MHz video- 
input signal. The high-bandwidth op 
amp more effectively swamps out the 
ADC’s kickback signals than does a 
lower bandwidth amplifier. 

According to Linear Technology’s 
Rempfer, op amps with emitter-follow- 
er outputs running with lots of current 
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usually have the necessary low output 
impedance. One thing to watch out for, 
however, is amplifiers with inherently 
higher output impedances, such as 
those with collectors driving the out- 
put—specifically, amplifiers with rail- 
to-rail outputs. 


Inputs have their differences 

Manufacturers are also doing their 
part to minimize the effects of the 
ADC’s transient glitch by. modifying 
the switched-capacitor input. You now 
find ADCs with the following three 
types of inputs: (Fig 3): 

® input directly connected to sam- 
pling switch, 

@ input series resistor before switch, 

®@ coarse-charge buffer. 

Burr-Brown’s ADS family of pin-com- 
patible 12- and 16-bit ADCs are an exam- 
ple of the input-series-resistor-before- 
switch structure. The designers put a 
series resistor on the input so that charge 
doesn’t go straight into the op amp. The 
ADC designers also reduced the switch- 
ing current by 10. The result, according 
to Burr-Brown, is that any amplifier can 
drive members of the ADS family. 

Crystal Semiconductor uses the 
coarse-charge buffer approach in its 
C$5101A ADC and all its dc-accurate 
delta-sigma parts (CS5504 through 
CS$5509). The input switch connects 
either to a CMOS unity-gain buffer 
amplifier or to the input signal. The 
coarse-charge buffer charges the hold 
capacitor to a signal near the input. 
When the switch connects to the input, 
the driving circuit has only to provide 
charge to compensate for the buffer’s 
offset voltage. The result is that the 
ADC produces low transient current. 

These improvements don’t mean 
you can ignore the amplifier, however. 
Crystal Semiconductor Applications 
Engineer Jerome Johnston still fields 
calls from customers who complain 
about missing codes, presumably 
caused by a poor-performing ADC. 
Johnston says the problem isn’t usually 
the ADC, but a poorly selected amplifi- 
er that has difficulty settling properly, 
particularly around bipolar zero. The 
company recommends placing an RC 
network between the op amp and ADC 
to buffer the dynamic transient current 
from the ADC. Choose the RC values so 
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that the time constant of the network 
isn’t too long, which would produce 
averaging and offset errors. 

Linear Technology and Maxim Inte- 
grated Products also often recommend 
a 100-pF capacitor to ground between 
the op amp and ADC to absorb the tran- 
sient glitch. Adding this capacitor | 
means that the amplifier has to be able | 
to drive this 100-pF load. | 

In fact, Linear Technology has just | 
introduced a rail-to-rail amplifier, the 
LT1368 (no prices are available as this 
article goes to press) that requires and, 
thus, is happy driving, a 0.1-u~F com- 
pensation capacitor on the output. 
When driving an ADC—typically a 
low-power and low-frequency device 
such as the LTC1288—this capacitor 
forms a filter that reduces the amplifi- 
er’s output impedance and swamps the 
current spikes from the ADC. In ADC 
tests with input signals under 100 Hz, 
the LT1368 shows less than 1 dB of 
distortion. 

Some final words of advice: Beware of 
what may happen if you run an op amp 
at other than the tested and specified 
power-supply voltages; don’t scrimp on 
testing your own op-amp/ADC pair. 

EDN 
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VISUAL PROGRAMMING 
PERVADES DATA-ACQUISITION 
OFTWARE DEVELOPMENT 


BRIAN KERRIDGE, SENIOR TECHNICAL EDITOR 


The first thing you do when devising almost any project 
or system is to sketch an overview block diagram. Next, 
you study each block in turn and layer on more and 
more textual detail until you have a complete descrip- 
tion of the design. 

Visual programming—also known as graphical, dia- 
grammatic, or iconic programming—for data-acquisi- 
tion systems works in exactly that fashion. In visual pro- 
gramming, the blocks are preprogrammed software 
modules that appear as icons on your display. You select 
and connect icons 
representing sensor 
inputs, ADCs, and 
display outputs in a 
logical sequence. 
Some of the icons, 
such as displays, are 
standard for any 
application, but oth- 
ers correspond to 
hardware specific to 
your measurement 
system. Clicking on 
an icon opens a dia- 
log box containing a 
range of properties for 
that icon’s function. 
For an ADC card, you type in properties such as chan- 
nel number, sample rate, and voltage range. Other icons 
enable you to insert a wide range of math functions to 
operate on input signals, such as statistical, algebraic, 
and frequency-domain operators. Finally, and what 
gives visual programming its greatest impact, you have 


Vinwal programming ects 
your data-acquisition system 
‘up and running in hours or 
days, instead of the months 
needed to use traditional _ 
coding in Basic or C. 

MS Windows is the most 
popular environment, but" 
its interrupt latency can 


- National Instruments’ LabView visual- -programming 

software, which now runs under MS Windows, is a 
general- purpose tool with extensive icon libraries for 
in a acquisition, instrument control, data analysis 
I se n (Ref 1). Device drivers exist for over 
100 programmable IEEE- 488, VXI, and RS-232C instru- 
ments, in addition to the company’s range of PC plug- 
in data ope asltee DSP, and signal cond toning? hard- 
ware. 


high-speed — - . 
system applications. © - 


icons for building a highly impressive user interface for 
your system. Sliders, pushbuttons, gauges, meters, and 
graphs offer you unlimited scope in devising a front 
panel just to your taste. 

The overriding benefit of visual programming for 
data-acquisition systems is the speed with which you 
can set up a system to take measurements. Traditional- 
ly, you could expect to employ the services of a software 
engineer for a couple of months to code in Basic or C 


before taking a single measurement. With visual pro- 
gramming, you can reasonably expect to reduce the two 
months spent coding to two days programming visual- 
ly. The major gain results from the virtual eclipse of a 
software programmer to make the system run. Experi- 
ence shows that scientists, hardware engineers, and sys- 
tem developers can easily exercise visual-programming 
software in the same way they would string together the 
hardware itself. 
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This feature makes visual program- 
ming motivational, fun, and naturally 
appealing, especially when compared 
with conventional coding, which is irri- 
tating and has little to do with the pri- 
mary objective of acquiring data. 

Additionally, visual programming 
benefits a wide range of users from the 
lone technologist to companies devel- 
oping commercial applications. A tech- 
nologist’s priority is to gather data with 
minimal sidetracking; commercial 
developers have an overwhelming 
desire to reduce time to market. 

Visual programming has existed for 
over a decade. One of the first products, 
National Instruments’ LabView, main- 
ly set out to simplify the programming 
of rack-and-stack IEEE-488 instrumen- 
tation systems. Over that decade, vol- 
umes of PCs running MS Windows 
have outstripped IEEE-488 systems, 
and, now, the major business for visual 
programming is operating PC plug-in 
and standard bus cards. 

National Instruments’ highly devel- 
oped LabView remains a leading-mar- 
ket product, although most self- 
respecting PC-card vendors now offer a 
competitive product. 


Rival products look alike 

Table 1 surveys a selection of visual- 
programming data-acquisition soft- 
ware products. At first glance, it’s not 
easy to distinguish product offerings. 
(Ref 2 reports on a basic bench test of 
seven of the products listed.) One basic 
difference is that some products, such 
as LabView, are stand-alone programs, 
and later products, such as Keithley’s 
Visual DAS, are adaptations of MS Visu- 
al Basic. Also, price does little to distin- 
guish products, and $995 is a popular 
number. Prices shown are for software 
to develop applications, although some 
vendors offer lower cost run time-only 
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Fig 1— Arcom Control Systems overcame much of MSWindows'’ interrupt latency 
by designing virtual DLL SuperDRIVERS (VxDLLs) for users of their hardware data- 
acquisition products. VxDLLs operate at low-level “Ring 0” in an MS Windows envi- 
ronment and enable 1/0 interfaces to respond to 10,000 interrupts/sec—sufficient 
for a wide range of data-acquisition and control applications. 


versions. Implementations using MS 
Visual Basic are lower cost, although 
you need to add around $199 for Visu- 
al Basic. 

One product-to-product variation 
worth investigating is the range of soft- 
ware device drivers that each vendor 
supplies. Some vendors provide drivers 
for only their own range of plug-ins, 
which effectively obliges you to use 
their data-acquisition hardware. In 
contrast, an increasing number of 
third-party hardware suppliers offers 
MS Visual Basic and Visual C++ drivers 
that provide more of an open-system 
environment to developers using these 
programs. 

Another important factor is the 


LOOKING AHEAD 


Visual programming will continue to 
make inroads into the traditionally 
coded data-acquisition software territo- 
ry. The installed base of MS Windows 
environments will ensure its continued 
popularity. When MS Windows 4.0 
(Chicago) arrives, true multitasking abil- 
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ity promises to expand the scope of 
data-acquisition systems and should 
address some existing Windows inter- 
rupt-latency concerns. Software speed 
problems will also diminish as 66-MHz, 
and beyond, PCs become the norm. 


effectiveness of the driver. There’s no 
simple to way to compare drivers, and 
you need to thoroughly evaluate per- 
formance before committing to a visu- 
al-programming or hardware product. 

Although visual programming large- 
ly negates the need to be a software pro- 
grammer, C designers need not fear for 
job security yet. First, writing software 
drivers for I/O hardware remains a 
prime requirement. Drivers involve sig- 
nificant coding, and writing your own 
can easily consume a man-year of 
effort. Second, although running data- 
acquisition systems under MS Win- 
dows is very appealing, Windows intro- 
duces a heavy cost and physical-size 
overhead and imprecise timing to the 
system. 

The cost overhead results from the 
need for a posh PC to run MS Windows 
and a visual-programming environ- 
ment. To run Hewlett-Packard’s HP- 
VEE, for example, the company recom- 
mends a 33-MHz 80486 PC with a 
1024X768-pixel SVGA display, a 16- 
Mbyte RAM, and 15 Mbytes of hard- 
disk space. In comparison, a C program 
would certainly run on an embedded 
20-MHz 80386 processor card with less 
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than 1 Mbyte of ROM and EPROM. 

Relying on an MS Windows environ- 
ment to control system timing is far 
from ideal for some data-acquisition 
setups. In practice, MS Windows relies 
on a PC’s 55-msec interrupt latency, 
which is insufficiently deterministic for 
high-speed data-acquisition or control 
systems. (Interrupt latency is a measure 
of the time between an interrupt‘s 
asserting that data is available and the 
point when the CPU reads the data.) MS 
Windows was never intended to drive 
speed-conscious hardware and can’t 
hope to compete with dedicated code 
running under real-time operating 
systems. 

A further justification for retaining 
some traditionally programmed C- 
coded data-acquisition software in- 
volves safety-critical control-system 
applications. Without a great deal of 
beta-site testing, you can’t be sure that 
either MS Windows or the visual-pro- 
gramming environment won’t decide 


BE | Desicn Feature 


to display an obscure dialog box that 
halts a process at a critical point. With 
your own C code, you are still required 
to beta-test, but, overall, there are 
fewer unknowns in your own control 
software. 


Programming know-how helps 

Although visual programming 
claims that the user does not need not 
traditional programming skills, some 
programming experience can benefit 
your work. Also, some familiarity with 
MS Windows features such as Dynamic 
Data Exchange (DDE) and Dynamic 
Link Library (DLL) is important. Briefly, 
DDE is a standard MS Windows mes- 
sage-handling system for importing or 
exporting data between applications. A 
DLL is a Windows program providing 
functions that other Windows pro- 
grams can use when driving I/O hard- 
ware, for example. 

According to Stephen Salmon, soft- 
ware-design engineer with Arcom Con- 
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trol Systems, “There’s no doubt visual 
programming enables most technolo- 
gists to swiftly make a system produce 
results, although users’ initial attempts 
may produce inefficient and inelegant 
solutions.” 

Comparing learning curves using 
different approaches, Salmon decided 
that, after two years of coding in C, he 
was competent enough to design soft- 
ware for data-acquisition systems. Mov- 
ing on to LabView, he found that he 
could produce an equivalent system | 
after a matter of days. (Because Visual | 
Basic offers developers more program | 
visibility, using Visual Basic takes a few | 
days longer.) | 

Salmon advises visual-programming 
users to think carefully through their | 
early applications and attempt to sim- 
plify their designs. He reports that new 
users typically employ several individ- | 
ual channels from input to display | 
rather than introducing multiplexing. | 
Unnecessarily duplicating sequential- | 
and repetitive-event icons, instead of | 
using for and while loops is another | 
common overcomplication. Littering | 
the display with icons rapidly eats | 
memory that is needed to run a system | 
and can limit operating speed because | 
the program has to interpret the super- | 
fluous icons in the run mode. | 

Salmon also draws attention to the | 
effect of Windows’ inherent interrupt | 
latency on operating speed. In many | 
cases, a system’s read rate is sufficiently 
slow that interrupt latency is not sig- 
nificant, as in a temperature-logging 
system that takes readings every few 
minutes. But, for high-speed data- 
acquisition or -control systems, it’s 
important to know precisely when 
measurements occur, as in real-time 
logging. 

To minimize the effects of interrupt 
latency, Arcom uses a special form of 
virtual extended-DLL driver (VxDLL) 
with its range of hardware, called a 
“SuperDriver.” VxDLLs operate at low- 
level “Ring 0” in an MS Windows envi- 
ronment, predictably trapping inter- 
rupts and enabling I/O interfacing 
independent of the host program (Fig 
1). Any Windows-based program that 
supports DLL or DDE, such as Visual 
Basic, Visual C++, or LabView, can call 
Arcom’s SuperDriver code. 

Arcom has compared the interrupt- 
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THE TEKTRONIX AM700. THE HIGH PERFORMANCE MIXED SIGNAL AUDIO 
TESTER THAT S VERSATILE AND EASY TO USE. @ Meet a real crowd pleaser. 
The AM700. It’s designed for virtually any audio test application—analog 
or digital. Making it the perfect choice for testing car radios, recording 
equipment, radio and television audio broadcast systems, and more. @ For 
starters, it’s fast and easy to use. There are no complex commands to learn. 


Just a simple interface that guides you to any function you need. And a high 


performance processor that gets the job done pronto. ® Plus, the AM700 lets 
you work any way you want. Automatically, 


semi-automatically, or manually. It’s ideal 


for design engineers working at the bench 
Input and output ports allow you to generate test level, test engineers on the production line, 
signals for both analog and digital domains. 
and everywhere in between. @ And it’s 
completely portable, too. Everything’s included in one compact instrument. 
No wonder it knows exactly what to do in mixed company. & Make an 


appointment for a demonstration by calling your local Tektronix sales office 


oaete 1-800-TEK-WIDE ext. TV 
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Need help designing and 
manufacturing that specialized 
analog architecture or 
plug-in board? 


Turn to Analogic... 
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VME & PC/AT Boards — 
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precision analog signal technology. 
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Analogic has 25 years of custom 
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leading high technology companies. 


Call or FAX Today with your custom 
volume requirements. 
Let us be your analog design partner. 
1-800-446-8936, Ext. 2388 FAX: 617-245-1274 


Analogic Corporation 
360 Audubon Road, Wakefield, MA 01880 


The World Resource 
for Precision Signal Technology 


CIRCLE NO. 9 
68 = EDN SEPTEMBER 29, 1994 


ESIGN FEATURE 


FOR FREE INFORMATION... 


For free information on the data-acquisition software products discussed in this article, circle 
the appropriate numbers on the postage-paid Information Retrieval Service card or use 
EDN’s Express Request service. When you contact any of the following manufacturers 
directly, please let them know you read about their products in EDN. 


Analogic 
Wakefield, MA 
(508) 977-3000 
Circle No. 341 


Arcom Control Systems 
Kansas City, MO 
(816) 941-7025 
Circle No. 342 


Capital Equipment 
Burlington, MA 
(617) 273-1818 
Circle No. 343 


Data Translation 
Marlborough, MA 
(508) 481-3700 
Circle No. 344 


GW-Instruments 
Somerville, MA 
(617) 625-4096 
Circle No. 345 


Hewlett-Packard 
Loveland, CA 
(303) 679-5000 
Circle No. 346 


Intelligent Instrumentation 
Tuscon, AZ 

(602) 573-3504 

Circle No. 347 


1O0Tech 
Cleveland, OH 
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Circle No. 348 


Keithley Instruments 
Taunton, MA 

(508) 880-3000 

Circle No. 349 


Laboratory Technologies 
Wilmington, MA 
(508) 657-5400 
Circle No. 350 


latency performance of its SuperDrivers 
with other MS-DOS and the Windows 
VxD drivers using a 40-MHz 80386DX 
CPU. Results show a range of latencies 
for each driver: MS-DOS mouse device 
driver running under Windows—100 
to 400 sec, Windows terminal emula- 
tor—40 to 65 wsec, and Arcom’s Super- 
Driver—25 to 50 usec. 

Microstar Laboratories use a different 
approach to minimizing interrupt- 
latency effects. The company’s PC plug- 
in data-acquisition boards include an 
on board processor, memory, and a 
real-time operating system called 
DAPL. This on board intelligence han- 
dles the time-critical aspects of an 
application and frees your data-acquisi- 
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Bellevue, WA 
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National Instruments 
Austin, TX 
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Stanford, CT 
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Circle No. 353 


Signal Technology 
Santa Barbara, CA 
(805) 899-8300 
Circle No. 354 


Strawberry Tree 
Sunnyvale, CA 
(408) 736-8810 
Circle No. 355 


VOTE... 

Please also use the Information Retrieval Service 
card to rate this article (circle one): 

High Interest 595 

Medium Interest 596 

Low Interest 597 


Super Circle Number 
For more information on data- 
acquisition software products avail- 
able from all of the vendors listed in 
this box, you need circle only one 
number on the postage-paid read- 
er service card. Circle No. 356 


tion hardware from delays and resource 
demands imposed by Windows. Run- 
ning under the company’s DASYLab 
visual-programming software, the 
processor typically achieves a task 
latency of <500 usec. EDN 
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INTEGRATED SWITCHING REGULATOR 


efficiency, our ISRs provide a cool 
replacement alternative for hot linear 


Do you have a board 


with a 3-terminal linear 
regulators. Of course they cost more, 
but they could save you thousands. 
irate customer? Are you Specifications include: laser-trimmed 
locked into a tight output voltages from 3.3 to 12 Volts, 
compact design that leaves no calculated MTBF of over 1,000,000 hours, 


regulator that’s generat- 
ing more heat than an 


extra space for a larger heatsink? 0.5% line and load regulation, and power 
Fortunately, you can now play it cool with an _—_ densities of 25 to 100 watts per cubic inch. So 
innovative product from Power Trends — a if you have a heat/space/reliability problem 
1-Amp Integrated Switching Regulator (ISR). now, or just want to make sure you don't . 
Power Trends’ 1-Amp ISRs are pin-compati- have one in the future — check out Power 
ble with existing 3-terminal “78 and 79 Trends’ super efficient ISRs. Call or write for 
Series” linear regulators, fit into the same more information, and ask about samples! 


space, and are just as easy to use. With 85% 1-800-531-5782. 
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But we put a 12-bit micropower ADC into 
an SO-8 package. For less than $5. 


With the demand for small, low- 
cost, battery-powered electronic 
products accelerating, you face some 
tough design challenges. Until now, 
most ADCs were too big, too expen- 
sive, and consumed too much 
power. 

You can solve these problems 
with the industry's smallest, lowest 
cost, lowest power 12-bit micro- 
power ADCs, the LTC1286 and the 
LTC1298. Both devices include a 
sample-and-hold, serial I/Os, 1- or 
2-channel MUX, +3/4 LSB maxi- 
mum DNL, and operate on a single 
SV supply. 

Battery operation is extended 
since the LTC1286 draws only 
250uA at 12.5ksps, while the 
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LTC1298 draws 340uA at 11.1ksps. 
Power drain drops even more in auto- 
shutdown to 20uA at Iksps, and at 
idle it plunges to | nanoamp! 

The best news is the price. The 


LTC1286 and LTC1298 are priced 
at just $4.98 for the SO-8 package 
and $4.65 for the DIP in 1000 piece 
quantities. 

And for 3V systems, our new 
LTC1285 and LTC1288 offer the 
same great features as their 5V 
counterparts, at even lower power. 

For more details, contact 
Linear Technology Corporation, 
1630 McCarthy Boulevard, 
Milpitas, California, 95035/ 
408-432-1900. For literature only, 
call 1-800-4-LINEAR. 


advertisement 


Fast Regulator Paces High Performance Processors 


Design Note 87 
Mitchell Lee and Craig Varga 


New high performance microprocessors require a fresh 
look at power supply transient response. Pentium™ pro- 
cessors, for example, have current demands that go from 
a low idle mode of 200mA to a full load current of 4A in 
20ns. A transition of the same magnitude occurs as the 
processor reenters its power saving mode. In addition, the 
overall supply tolerances have been narrowed signifi- 
cantly from the traditional +5% for 5V supplies and 
include transient conditions. When all possible DC error 
terms are accounted for, the transient response of the 
power supply when subject to the load step mentioned 
above must be within +46mV! 


To address this problem Linear Technology has developed 
the LT1585 linear regulator. It features 1% initial accuracy, 
excellent temperature drift and load regulation, and virtu- 
ally perfect line regulation. Complementing superb DC 
characteristics, the LT1585 exhibits extremely fast re- 
sponse to transients. The regulator is offered as an adjust- 
able regulator requiring two resistors to set the operating 
point, as well as fixed versions which have been trimmed 
and optimized for 3.3V, 3.38V, 3.45V, and 3.6V outputs. 
Fixed versions are fully specified for worst-case DC error 
bounds; in adjustable designs the effects of the external 
voltage-setting resistors must be taken into account. 


THERMALLOY 
7020B-MT 
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NICHICON (AMERICA) CORPORATION: (708) 843-7500 

SANYO VIDEO COMPONENTS (USA) CORPORATION: (619) 661-6322 
THERMALLOY INCORPORATED: (214) 243-4321 


Transient response is affected by more than the regulator 
itself. Stray inductances in the layout and bypass capaci- 
tors, aS well aS capacitor ESR dominate the response 
during the first 400ns of transient. Figure 1 shows a 
bypassing scheme developed to meet all of the require- 
ments for the Intel P54C-VR microprocessor. Multiple 
capacitors are required to reduce the total ESR and ESL, 
which affect the transient response. 


Input capacitors C1 and C2 function primarily to decouple 
load transients from the 5V logic supply. The values used 
here are optimized for a typical 5V desktop computer 
“silver box” power supply input. C5 to C10 provide bulk 
capacitance at low ESR and ESL, and C11 to C20 keep the 
ESR and ESL low at high (>100kHz) frequencies. C4 is a 
damper and it minimizes ringing during settling. 


A good place to locate the surface mount decoupling 
components is in the center of the Pentium socket cavity 
on the top side of the circuit board. Consider using 
concentric rings of power and ground plane on the top 
layer of the board within the socket center for bussing the 
4D and LTC are registered trademarks and LT is a trademark of 


Linear Technology Corporation. 
Pentium and Power Validator are trademarks of Intel Corporation. 
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Figure 1. Recommended Bypassing Scheme for Correct Transient Response 
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capacitors together. Tie the main power and ground planes 
to these cavity planes with a minimum of two vias per 
capacitor. This will minimize parasitic inductance. The 
regulator and damper capacitor should be located close to 
(< 1") the microprocessor socket to minimize circuit trace 
inductance. 


Verifying the regulator and microprocessor layout can be 
accomplished with a controlled load such as the Power 
Validator manufactured by Intel. This device plugs di- 
rectly into the microprocessor socket and simulates worst- 
case load transients conditions. 


An oscilloscope photograph of the LT1585’s response to 
a worst-case 200mA to 4A load step is shown in Figure 2. 
Trace C is the load current step, which is essentially flat at 
4A with a 20ns rise time. Trace A is the output settling 
response at 20mV per division. Cursor trace B marks 


20mV/DIV 


1A/DIV 


DN87 F02 


1us/DIV 


Figure 2. Transient Response at Onset of 4A Load 
Current Step 


2x 


| AVX X7R 0805 


—46mV relative to the initial output voltage. At the onset of 
load current, the microprocessor socket voltage dips to 
—38mV as a result of inductive effects in the board and 
capacitors, and the ESR of the capacitors. The inductive 
effects persist for approximately 400ns. For the next 3us 
the output droops as load current drains the bypass 
capacitors. The trend then reverses as the LT 1585 catches 
up with the load demand, and the output settles after 
approximately 50us. 


Running 4A with a 1.7V drop, the regulator dissipates 
6.8W. The heat sink shown in Figure 1, with 100ft/min air 
flow is adequate for worst-case operating conditions. 


The adjustable version of the LT1585 makes it relatively 
easy to accommodate multiple mircoprocessor power 
supply voltage specifications (see Figure 3). To retain the 
tight tolerance of the LT1585 internal reference, 0.5% 
adjustment resistors are recommended. R1 is sized to 
carry approximately 10mA idling current (<124Q), and R2 
is calculated from: 


Vqo-V 
R2 = O — VREF 
REF 
py t ADJ 
where: 


lang = 60uA and Veer = 1.250V 


Figure 3 shows the connections for R1 and R2. Note that 
C5 to C10 are reduced in value from Figure 1 without 
compromising the transient response. The addition of C3 
makes this possible and also eliminates the need for C4. 
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Figure 3. Recommended Adjustable Circuit 
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Spice does digital filters 
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RICHARD J FAEHNRICH, BIO-IMAGING RESEARCH, LINCOLNSHIRE, IL 


Sige You can use Spice to simulate digital or discrete time 
| filters as well as analog or continuous time filters. 
| Just as you would use integrator blocks to simulate 

the 1/s terms for an analog filter, you can use Spice’s 
transmission-line component to simulate the ideal z' delay 
elements of digital filters. 

Fig 1 shows the block diagram and basic third-order trans- 
fer function that describe a digital filter. Simulating this 
canonical or type II direct form can be insightful because you 
typically realize IIR digital filters from this form. The basic 
structure and transfer function are identical to that of an 
analog filter except that z terms replace the analog filter’s 
1/s terms. 

Fig 2 shows a Spice circuit tot an ideal delay block using a 
transmission line. The transmission line statement (T1, T2, 
and T3 in Listing 1) requires you to specify the propagation 
delay time (TD) or, alternatively, the frequency and wave- 
length. For this application, the delay time is far more useful 
because it represents the sampling period of the digital filter. 
The statement also requires a characteristic impedance, ZO. 
The value isn’t critical as long as you terminate the line with 
aresistor R1 of value equal to ZO. 

To simulate the frequency response of a third-order digi- 
tal filter, you first typically obtain the filter coefficients by 
applying the bilinear transform to the analog prototype. The 
bilinear transform substitutes s=(2/T) x (1-z")/1+z") into the 
analog transfer function. Because the bilinear transform dis- 
torts the pole and zero locations of the analog filter, you must 
prewarp the frequencies before applying the transform to 
obtain the desired response. 

The transfer function for a third-order Butterworth digital 
filter with a 1-kHz cutoff frequency and 10 kHz sampling fre- 
quency is 


0.0181+0.0543z' +0.0543z” +0.0181z~ 
1-1.760z7' +1.1829z” +0.2781z° 


Listing 1 is the corresponding Spice netlist, and Fig 3 shows 
the simulation result. The response resembles a lowpass filter 
from dc to the Nyquist frequency of 5 kHz. Note the period- 
ic nature of digital filters: The response repeats itself at a fre- 


H(z) = 


Fiure 1 


MG ea, 7) 4a, 7" +a, Z> 


bp +b, z1+b,z?+b,z° 


This familiar block diagram and transfer function describe a 
basic third-order digital filter. 


ZTF3.CIR - 3RD-ORDER IIR DIGITAL FILTER 
* BUTTERWORTH, LOW-PASS, FC=1000HZ, TS=0.1MS 
= 
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Spice’s transmission-line element serves as the delay or z' 
term of a digital filter. 


quency interval equal to the 10-kHz sampling frequency. 
Spice helps you verify that the prewarped frequencies and 
the bilinear transform produce the required attenuation in 
the pass and stop bands. 

You can also simulate an FIR filter with a similar structure 
to Fig 1, the difference being that an FIR filter’s transfer func- 
tion contains no poles and, thus, the denominator of the 


FIGURE 3 
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FREQUENCY (kHz) 


This ee aucncy: response lat ‘af a _ third- order digital filter 
resembles a lowpass filter from dc to the Nyquist frequency 
of 5 kHz. This plot helps you verify that the prewarped fre- 
quencies and the bilinear transform produce the required 
attenuation in the pass and stop bands. 
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transfer function is equal to 1. However, simulating FIR fil- 
ters may not be practical because they can have several to 
over one hundred coefficients. Because each coefficient 
requires a delay line, one FIR filter may require a large Spice 
file implying long simulation times. 

To simulate and analyze the transient response of a digital 
filter, you must apply the digital filter to a continuous signal 
and then sample the continuous output of the filter to obtain 
the discrete-time results. Theoretically this is possible 
because a system with ideal delay blocks operates equally 
well with continuous or discrete input signals. Thus, to sim- 
ulate the time response of a digital filter, you first perform 
the standard transient analysis with a continuous-time input 
and then print the output data only at the sampling period 
intervals. The print interval, 0.1 msec, of the .TRAN state- 
ment performs the “sampling.” Some versions of Spice auto- 
matically set the maximum time step of the transient analy- 
sis to one-half msec times the smallest transmission line 
delay. For this filter, the .TRAN statement explicitly sets the 


maximum time step to this value, which is 0.05 msec. 
Spice mimics an input step using the 1V dc voltage sourc: 
(VS) and the .TRAN statement. The presence of the UIC para 
meter in the .TRAN statement directs Spice not to compute 
the dc-bias solution. Instead, the UIC parameter uses the 
value in the .IC statement as the initial transient condition) 
Because the file doesn’t contain an .IC statement and thu: 
doesn’t specify any initial conditions, the initial voltage ai 
VS is OV. Then, at the first time step, VS assumes its dc value 
of 1V. 
~ You should be aware of the limitations of using Spice to 
analyze discrete time structures. First, transmission lines 
consume large amounts of memory during transient analy- 
sis. Second, transmission lines with short delay times com- 
pared with the total simulation interval can result in long 
simulation times. (DI #1585) EDN 
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PC acts as RS-232C protocol analyzer 


J S HOLMES, BOEHRINGER MANNHEIM, INDIANAPOLIS, IN 


wm 6[he circuit in Fig 1 is an inexpensive and easy-to- 
_ build PC-based alternative to a dedicated protocol 
analyzer. The circuit taps into an RS-232C line 
between J, and J,, and IC,’s charge pump converts 
the RS-232C signals to CMOS levels. Many different types of 
RS-232C charge pumps work well in this circuit. One of the 
drivers in IC, then converts the mixed signal back to RS-232C 
levels and transmits the data to the PC out of J,. 

The PC must be running a monitor program to use this 
data. For applications in which the unit under test transmits 
and receives ASCII data, a commercial terminal emulator 
program, such as Procomm or Crosstalk, works well. If, how- 
ever, the data on the signal line is binary, then Listing 1’s 
QuickBasic program can make the data legible. 

The program assumes a data rate of 9600 baud. You must 
make sure that the monitor baud rate matches the baud rate 
of the unit under test. The most efficient realization of this 
program involves putting the communication parameters in 
a file and reading it in at the beginning of execution. The pro- 
gram then goes into an infinite loop. The loop checks to see 
if there are any characters in the serial port, checks to see if 
the escape key is pressed, then repeats. In the event that a 
character comes into the serial port, it is displayed in ASCII 
and as a decimal equivalent. If you implement this program 
ina Stare that communicates with a numbers of char- 


LISTING 7 _QuICKBAS SIC Cosisiinncaiicnts MONITOR 


- 
L 


OPEN "COM1:9600,N,8,1,CD,CS,DS,OP,RS" FOR RANDOM AS #99 ‘Set up 9600 BAUD. 
WHILE (1<>0) 
WHILE adet el 
INKEYS= oe THEN 


WEND 
TMPS=INPUTS (1, 99) 


PRINT "ASCII="; TMP$; " BINARY=";ASC(TMPS) 


acters, you can send the results to a file instead of to the 
screen. This will allow you to review the results of the com- 
munication attempt in a text editor. (DI #1588) EDN 
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This laeeneaie aah easy- y-to-build PC-based shenidivess toa a 
dedicated protocol analyzer taps into the RS-232C line 
between J, and J.. 
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Maximum voltage sorter uses analog multiplexers 


ALAN L GILES, TAO SYSTEMS, HAMPTON, VA 


The voltage-sorting circuit in Fig 1 continuously finds the 
maximum of eight input voltages and the corresponding 
binary address with the aid of two analog multiplexers, IC, 
and IC,. The circuit compares each input sequentially with 
the current maximum voltage and updates the maximum 
voltage and address when it finds a new maximum. IC, and 
IC, act as storage elements. IC, ensures that latching can’t 
occur at the beginning or the end of a given address, there- 
by preventing an incorrect address from being latched at an 
address transition. The sorter can also find the minimum of 
its input if you swap the CMPO1 comparator’s input. 

The analog multiplexers, which typically have combined 
switching and settling times of 0.5 to 1.5 wsec, determine the 
minimum sorting time of this circuit. Overall sorting time is 


5 


CLOCK QO 


eel 
_i2 


limited to about 1 psec multiplied by the number of inputs. 
Given this constraint, you need to determine the desired 
overall sorting time and set the clock frequency accordingly. 
If V, ax is used elsewhere, you should buffer it to avoid a volt- 
age drop across the analog multiplexer’s on resistance. 

You can expand this eight-input sorter to 16 inputs with- 
out increasing the chip count by simply using two 16:1 ana- 
log multiplexers instead of two 8:1 multiplexers. This circuit 
already includes the next counter bit and D flip-flop required 
for the fourth address bit. You can further double the num- 
ber of inputs to 32 by using three chips to form two 32:1 ana- 
log multiplexers. (DI #1586) EDN 
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This voltage sorter uses two analog multiplexers to continuously search for the maximum of eight input voltages. 
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TRIPLE 8-BIT DACs REPLACE 
TRIMPOTS—ONLY 65¢/DAC 


3V and 5V Serial DACs Shut-Down to 1pA 


Get the first & only 3V triple-DACs available, for your next design, and save power, space, and 
cost. Our new MAX512 and MAX513 low-cost digital-to-analog converters are ideal for your 
low-power applications, including digitally adjustable RF bias circuits, digital gain and offset 
adjustments, and programmable attenuators. 


REFA/B REFC 


VouTc 


DIGITAL 


L 
OUT PORT 


SERIAL 
INPUT 
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¢ Single or Dual Supply: ¢ Guaranteed Monotonic 
5V or +5V-—MAX512 ¢ Microwire™, SPI™, aspir™ 
3V or s8V-MAX913 Compatible Serial Interface 
¢ 1mA Operating Current 


. FREE D/A Converter Design Guide—Sent Within 24 Hours! 
Pannen eres includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-722-8266 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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ISO 9001 


Certificate Number: 30337 


Frequency comparer produces binary results 


JAY KIRSCHENBAUM, COLUMBIA UNIVERSITY, NEw YORK, NY 


Instead of resorting to full-blown frequency counters, the 
simple circuit in Fig 1 uses four ICs to rapidly compare the 
frequency of two pulse trains. The circuit produces a binary 
O if f, is greater than f, and a binary 1 if f, is less than f,. The 
circuit exploits the fact that inevitably two consecutive lead- 
ing edges of the higher frequency pulse train will follow each 
other in time without an intervening leading edge from the 
other pulse train. The circuit uses two pairs of flip-flops, IC, 
and IC,, as 2-bit binary counters. A dual monostable multi- 
vibrator, IC,, marks the leading edges of the input pulses by 
producing spikes of approximately 100 nsec in duration. The 
circuit couples each stream of spikes to the clock input of one 
counter and to the reset input of the other. 

When one counter’s clock receives two consecutive spikes 
without the arrival of an intervening reset pulse, the high- 
order bit of that counter goes high. Then, a latch formed by 
two NOR gates of IC, sets or resets depending on which of 


AC, 


= = = Oe 


@ 
1s | | 


the two pulse trains has the higher frequency. If f, is greate 
than f,, the latch resets to 0; if f, is less than f,, the latch set: 
to 1. The latch holds it state until there is a change in the rel. 
ative magnitudes of the two frequencies. 

For frequencies f, and f,, the maximum response time of 
the circuit is given by the following 


1 ot 
qi == <a” >£. 


At 1 kHz and for f, and f, within 1% of each other, the cir- 
cuit responds within 100 msec. One important note: The cir- 
cuit is designed to handle asynchronous pulse trains, and it 
won’t work if f, and f, are synchronous integral multiples of 
each other. (DI #1587) EDN 
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If f, is greater than L, the output af this frequency comparer is a0: if f, is less than f,, the output is i 1. ae 
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Power amplifier has transient rail-to-rail swing 


YISHAY NETZER, YUVALIM, ISRAEL 


Fig 1a’s conventional common-drain MOSFET-based power 
op amp, with a simple and stable configuration, has a 
dynamic response identical to that of IC,. However, as a 
power amplifier, it exhibits a limited-output voltage swing 
that is typically less than either supply by 6V. This limitation 
results from the combination of the turn-on voltage of the 
MOSFET transistors and the limited voltage swing of the 
monolithic op amp. Usually this deficiency is overcome by 
an auxiliary pair of higher voltage power supplies for the 
monolithic op amp. Alternatively, other suggested configu- 
rations combine an op amp with a complementary common- 
source power stage. However, these configurations are inher- 
ently unstable and difficult to compensate because of the 
added wideband gain of the output stage. 

In reality, a large voltage swing is necessary only in tran- 
sient situations and not in the steady state. This is typical of 


loudspeaker drivers as well as servo-motor drivers. The mod- 
ified power op amp in Fig 1b attains transient rail-to-rail volt- 
age swing by adding just a few passive components to Fig 1a’s 
design. The bootstrapping mechanism implemented by 
clamping network R,, C,, D,, and D, for the positive power 
supply and by R,, C,, D,, and D, for the negative power sup- 
ply automatically increases the op amp’s supply voltage 
when necessary. R, limits the boost amount and protects the 
output voltage from destroying D, and D,. Along with the 
supply current of the op amp, C, and C, determine the cut- 
on frequency above which the output-voltage-swing range 
starts to increase. The range is typically 300 Hz for the val- 
ues in the figure. (DI #1589) EDN 
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By adding bootstrapping components to the circuit in (a), which has a limited output swing, the circuit in (b) provides a tran. 


sient rail-to-rail output swing. 
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SURPASSES VRAMS IN PERFORMANCE BY UP TO 180% IN BENCHMARKS. 
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RAM to use, you'll be able to do it 
almost effortlessly. 

We're able to offer the chip at a 
low cost because of its streamlined 
design, which eliminates the unused 
overhead that comes with VRAMs — 
such as serial write, write transfer, 


and flash write. 


Samsung's Highly Innovative WRAM (and Also Our VRAMs.) 


PART ORG. ACCESS ULTRA FAST PAGE VOLTAGE 
TIME CYCLE TIME 


KM4232W259 256kx32 6ons 20 ns 5.0V 
KM4232X259 256Kx32 6o0ns 20 ns 3.3V 


WRAMs in 120-pin PQFP. Also available: our state-of-the-art 1-meg and 2-meg VRAMs: 


KM4216C256 and KM4216C258 (both 256K x 16), KM428C256 and KM428C257 (both 256K x 
8), in both 5 and 3.3 volt. 


And with this kind of per- | 408-954-7229 today. Or write to 
formance at this kind of cost, were | WRAM Marketing, Samsung Semi- 


confident the Window RAM will be | conductor Inc., 3655 N. First St., San 
chowing down on VRAMs for some | Jose, CA 95134. 


time to come. 

For information on designing-in 
this latest piece of memory wizardry SEMICONDUCTOR 
from Samsung, call 1-800-446-2760 or A Generation AHEAD. 
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RAM DAC 
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KA339D 


Comparator 


2N4402 
s/s Transistor 


KSOII7 
Decoder 


8-Bit Keyboard MCU 


Four thousand, one hundred 
thirty seven. At last count, that’s 
the number of discrete devices, 
ASICs, microcontrollers, and linear 
devices that Samsung makes. Or 
about 42 times the number shown 
by the rather small smattering on 
these two pages. 

Many people are surprised to 


learn that Samsung is one of the 


© SAMSUNG SEMICONDUCTOR, INC., 1994. 
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largest suppliers of these parts on 
earth. However, a number like 
4,137 may make this fact a little 
less surprising. 

Our product line is among the 
broadest available anywhere, and 
may in fact be compared with 
Motorola’s and Texas Instruments’. 
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Dynamic Signal Analysis 


with SRS FFT Spectrum Analyzers 


The new SR770 FFT Analyzer 


has the outstanding performance 
and value you’ ve come to expect 
from SRS Spectrum Analyzers — 
90 dB dynamic range, 100 kHz 
real-time bandwidth — plus a 
versatile synthesized source that 
generates clean sinewaves, 
two-tone signals, white and pink 
noise, and chirps. 


The low distortion (-80 dBc) 
source is internally synchronized 
to generate frequency response 
measurements accurate to 0.05 dB. Both the 
SR760 and the SR770 quickly perform 
harmonic, band, sideband and 1/3 octave 
analysis. Additional capabilities including data tables, 

GO/NO GO testing and selective windowing bring performance and versatility to every measurement. 


476 UHz to 100 kHz frequency range 


¢ 90 dB dynamic range 
¢ Low distortion source (SR770 only) — sine, two-tone, SR770 ssccssccsseee PO500 
‘ , ; 5 (U.S. list) 
chirp, white and pink noise SR760 ..............94750 


3.5 inch DOS formatted disk drive 
Direct hardcopy to printers and plotters 
GPIB, RS-232 and printer interfaces 


Frequency response - Using the | Two-tone response - Data analysis - Easy to use 

SR770's low distortion synthesized — Intermodulation products at -90 analysis functions include 1/3 

source, Bode plots of amplitude, dBc are easily measured with the octave, band, sideband and THD. 

phase and group delay are quickly outstanding dynamic range of the Math functions and a responsive 

generated. SR760 and SR770. marker provide power and 
flexibility. 


STANFORD RESEARCH SYSTEMS 


1290-D Reamwood Avenue ¢ Sunnyvale, CA 94089 
TEL (408)744-9040 ¢ FAX 4087449049 
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BR | Desicn Feature 


To build data-acquisition 
systems that run from 5 or 3.3V, 
— know your ICs 


Continued demands for 
lower power, lower cost sys- 
tems increase the likelihood 
that your next mixed-signal 
design will operate from a 
single 3.3 or SV power sup- 
ply. Doing away with tradi- 
tional +15V analog power 
supplies can help you to 
meet your power and cost 
goals, but it also will elimi- 
nate some of your design 
options. 

Fortunately, when you select a data-acquisition system’s 
most critical component, the ADC, you have many low-volt- 
age parts from which to choose. But after you pick an ADC, 
critical decisions still lie ahead. This article looks at how low- 
voltage ADCs, amplifiers, and other components work 
together in practical systems, and how you can avoid some 
of the most common problems that occur when you com- 
bine these functions in low-voltage equipment. 

Most low-voltage ADC and DAS (data-acquisition system) 
chips are designed for easy analog and digital interfacing. 
The ICs’ digital interfaces are generally compatible with pop- 
ular microcontrollers, and the devices can almost always 
accept analog input signals that range from ground to the 
positive supply voltage; the span is set by an internal or exter- 
nal band-gap voltage reference. Virtually all ADCs that oper- 
ate from 5V or less are CMOS devices that use arrays of 
switches and capacitors to perform their conversions. 
Although the architectural details vary from design to 
design, the input stage of this type of converter usually 
includes a switch and a capacitor that present a transient load 
to the input signal source. Fig 1’s simplified schematic shows 
_ how these input stages affect the circuits that drive them. 

R,y is not a separate component; it is the on-resistance of 
the internal analog switch. Sampling capacitor C, connects 
to an internal bias voltage whose value depends on the ADC’s 
architecture. In a sampling ADC, the switch closes once per 
conversion, during the acquisition (sampling) time. 

The on-resistances of the sampling switches range from 
about 5 to 10 kQ in many low-resolution successive approx- 
imation ADCs to 700 in some multistep or half-flash con- 
verters. The capacitors can be as small as 10 pF in lower res- 


KERRY LACANETTE, NATIONAL SEMICONDUCTOI 


Data-acquisition systems that take power 
from a single 3.3 or 5V supply share many 
design considerations with systems that run 
from +15V. Some concerns are unique to low- 


voltage, single-supply operation, however. To 
avoid problems, you need a thorough under- 
standing of the ICs you use. 


olution successive-approxi- 
mation converters and 100 
pF or more in higher resolu- 
tion devices. 

When the _ sampling 
switch closes, the capacitor 
begins to charge through the 
switch and source resis- 
tances. After a time interval 
that is usually controlled by 
counters or timers within the 
ADC, the switch opens, and 
the capacitor stops charging. 
The time during which the switch is closed and the capaci- 
tor charges is called the “acquisition time.” As long as the 
source impedance is low enough, the capacitor has time to 
charge fully during the sampling period, and no conversion 
errors occur. Most input stages are conservatively designed 
and can work properly at their rated speeds with a reasonable 
source resistance (1 kQ is common). Larger source imped- 


FIGURE 17 


rc 


| EQUIVALENT 
| INPUT NETWORK 


Ron 


1/0 AND 


CONTROL 


This circuit is a simplified version of the load that a low-volt- 
age ADC presents to a signal source. The capacitor is normal- 
ly referred to a bias voltage between ground and V+. When 
you connect a low-voltage ADC to a signal source, the source 
impedance, the on-resistance of the internal switch, and the 
sampling capacitor form a network whose time constant may 
be too long for accurate sampling of the input 
voltage. 
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LOW-VOLTAGE DATA ACQUISITION 


Vin 
™ INSUFFICIENT ACQUISITION TIME 


A 1 


~<+ ACQUISITION —>|}«————— CONVERSION (EIGHT CYCLES) —————>| 
(a) (1.5 CYCLES) 


ACQUISITION 


() (1.5 SLOWER Cvo_es) CONVERSION (RIGHT CYOLES) 


A low-voltage ADC that is designed to operate properly with source resistances under 1 k{) may encounter conversion errors 
if the source resistance increases to 2 k() (a). The larger source resistance prevents the voltage on the internal sampling capac- 
itor from fully charging during the ADC's acquisition time (1.5 clock cycles in this case). When the source impedance is too 
high to allow accurate signal capture during the nominal acquisition time, you can often extend the duration of the acquisi- 
tion window by slowing the converter clock (b). This approach slows conversion, however. A good alternative is to slow the 
clock only during acquisition and then return to the normal clock rate during the conversion itself. 


LMC6482 


/(O0 AND 
CONTROL 


~ MUXOUT 1 
MUXOUT 2 
S/H IN 1 


LM4040-2.5 


S/H IN 2 


Even a load that should be easy for an op amp to drive can 
disturb the amplifier if the load suddenly switches to the 
amplifier’s output (a). This typical amplifier-ADC combina- 
tion operates from a 5V supply. The scope photo (b), shows 
how the low-voltage CMOS op amp in (a) responds to the 
switching transients at the ADC input. The amplifier’s output 
settles to within 1 LSB 1.5 usec after the start of the ADC’s 
acquisition period. Use the ADC’s adjustable acquisition time 
to ensure that the acquisition window doesn’t close until the 
amplifier settles. 
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». ances slow the charging of the sampling capacitor and cause 
| significant errors unless you take steps to avoid them. 


_ Source resistance can be unsettling 


When the source impedance is high enough to degrade the 


_ conversion accuracy, a simple remedy is to increase the acqui- 
_ sition time to allow the capacitor more time to charge. The 
acquisition time depends on the conversion technique and 
_ other ADC characteristics. Often, you can adjust the acquisi- 


tion time externally. For example, many sampling successive- 


/ approximation converters are clocked devices that sample the 


input signal for a specific number of clock cycles. Although 


- you can adjust these devices’ acquisition time simply by alter- 


ing the clock frequency, doing so is not always desirable, 


_ because slowing the ADC’s clock also lowers the conversion 
_ speed. Assuming that the loss in conversion speed is accept- 
_ able, this technique can increase the acquisition time by as 
_ muchas two or three orders of magnitude, depending on the 

_ ADC. Check the ADC data sheet to verify that the converter 
_ operates properly at a sufficiently slow clock frequency; leak- 
age currents that discharge the internal capacitors and cause 


conversion errors if the clock is too slow dictate most clocked 
ADCs’ minimum clock frequencies. 
As an example, imagine that the ADC in Fig 1 is designed 


to yield correct conversion results for source resistances less 
| than 1 kO when using a 4-MHz clock. Signal acquisition takes 


1.5 clock cycles, and conversion takes eight more, so the 


nominal acquisition-plus-conversion time is 375 nsec+2 


wsec=2.375 psec. If the source resistance increases to 2 kQ, 
the nominal acquisition time is no longer sufficient. Fig 2a 
shows that at the nominal clock frequency, the sampling 
capacitor doesn’t charge fast enough to ensure accurate con- 
versions. If the system must operate properly with a 2-kO, 
source, you must double the acquisition time to 750 nsec. An 
easy way to do this is simply to halve the clock frequency. 
This doubles the acquisition-plus-conversion time to 4.75 
wsec and slows the throughput rate accordingly. In Fig 2b, 
the clock frequency is halved, and the capacitor can charge 
sufficiently during the acquisition time. 

When conversion time is critical, you may not be able to 
cut the throughput rate in half to accommodate a high 
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source impedance. Instead, you can run the clock at full 
speed during conversions and slow it only during the acqui- 
sition period. In this case, the total acquisition-plus-conver- 
sion time becomes 750 nsec+2 wsec=2.75 psec, a significant 
improvement compared with 4.75 sec. 

You can also eliminate the effects of high source resistance 
by using a buffer amplifier ahead of the ADC. This approach 
requires an additional component, but accommodates very 
high source impedances with little or no loss in sampling 
rate, especially if you use a CMOS amplifier. Low-voltage 
amplifiers have limitations of their own, but they are some- 
times the only solution when signals originate in high- 
impedance sources. , 


The amplifier/ADC interface 

A discussion of low-voltage data acquisition isn’t com- 
plete unless it considers amplifiers. Operational amplifiers 
are nearly always present in data-acquisition systems, per- 
forming basic signal conditioning ahead of the ADC. Their 
interactions with ADCs affect system performance. 
Although many amplifiers are good at driving a variety of 
static loads, the switched nature of the ADC input stage can 
introduce problems with some amplifiers, especially the 
low-power, low-speed devices that are most likely to be used 
in 3 and 5V systems. Using the simple model of Fig 1, the 
load presented to the amplifier by the ADC input keeps 
switching abruptly between an open circuit and a series RC 
network connected to an internal voltage source. The op 
amp’s response to the sudden load-current and impedance 
change depends upon several parameters. Among them are 
the device’s gain-bandwidth product, slew rate, and output 
impedance. 

Fig 3a shows a low-voltage CMOS operational amplifier 
wired for a closed-loop gain of +10 and operating from a SV 
supply. It drives one of the inputs of an ADC12038, a SV, 12- 
bit CMOS ADC with eight analog input channels. The ADC’s 
input network comprises 1.6 kQ of series resistance and 75 
pF of capacitance. 
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An operational amplifier with rail-to-rail output swing simplifies this amplifier-ADC circuit for digitizing ac signals with 13- 


LM12H458 


The oscilloscope photo in Fig 3b shows the output of 
the amplifier when it drives the ADC. In this case, the 
amplifier is an LMC6482 dual CMOS op amp with rail-to- 
rail input- and output-voltage swing. The first transient, 
which occurs when the input multiplexer switch closes, 
has a peak amplitude of 280 mV. The second, smaller tran- 
sient, which occurs when the sampling switch closes, cor- 
responds to the beginning of the ADC12038’s acquisition 
period. The amplifier’s output voltage settles to 1 LSB 1.5 
wsec after this second transient. The worst-case settling for 
this amplifier-ADC combination for output voltages from 
20 mV to 4.98V is 2 usec. The settling waveform with a 3V 
supply looks similar, but the worst-case settling time 
increases by about 15%. 

If an ADC samples an input signal for a period longer 
than the driving amplifier’s worst-case settling time (rough- 
ly 2 usec for the LMC6482/ADC12038 combination), the 
conversion results will be accurate. However, if the amplifi- 
er’s output is still recovering from the load transient when 
the acquisition window closes, the voltage at the convert- 
er’s input may differ significantly from the real input volt- 
age, and the resulting conversion data will be wrong. Slow- 
settling amplifiers are unusable in many applications but 
can sometimes provide reasonable results with slow or low- 
resolution ADCs. 

As in the case of high source resistances, you can improve 
system accuracy by increasing the ADC’s acquisition time. 
You can do this by slowing the conversion clock. An alter- 
native is to use an ADC or a DAS with adjustable acquisi- 
tion time. 

The ADC12038 (Fig 3a) has a signal-acquisition window 
that is adjustable from 1.2 psec to 6.8 wsec (when using a 5- 
MHz clock), which allows for a wide range of amplifier set- 
tling times. For the LMC6482 operating at a gain of 10, set- 
ting the acquisition time to 2 psec (10 clock cycles with a 
5-MHz clock) provides adequate performance, and a new 
conversion can begin every 14.8 sec, resulting in a 67.6-kKHz 
sampling rate. If, instead, you use the ADC12H03, the high- | 
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bit resolution. Because the amplifier’s output can swing to within a few millivolts of V+ and ground, you can use nearly all of 
the ADC's input dynamic range. If the amplifier's output swing limited, say, 500 mV from V+ and ground, you'd need a sec- 


ond reference to avoid losing 2 dB of dynamic range. 
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speed version of the ADC12038, the clock rate can increase 
to 8 MHz, which decreases the conversion time. If you select 
an 18-cycle acquisition window, the acquisition period will 
be 2.25 wsec, and the maximum sampling rate will be 99 
kHz. Other ADCs and DAS chips with adjustable acquisition 
times (the LM12458 and LM12438 families, for example) can 
take advantage of this technique as well. 

Which amplifier should you use? It depends on the speed, 
resolution, and accuracy you need. Look for amplifiers with 
gain-bandwidth products in the 1-MHz or greater range for 
12-bit data acquisition at conversion rates between 50 and 
100 kHz. Low-power, low-speed amplifiers are usually accept- 
able only if you’re sampling slowly and can achieve a long 
enough acquisition time. The time required for the output to 
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In this circuit, low-voltage amplifiers A, and A, provide differential gain to the output of a load cell and differential drive to 
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settle after a load transient is not something you find on most 
amplifier data sheets; you have to test the amplifier-ADC 
combination to verify that it works properly in your system. 


Do you need rail-to-rail outputs? 

The amplifier that precedes the ADC conditions the input 
signal; it may buffer a high source impedance, provide gain 
or level shifting, or alter the transfer function in some non- 
linear way to compensate for sensor characteristics. Ina+15V 
system, an amplifier whose output can swing to within a cou- 
ple of volts of the supply rails may be perfectly adequate, but 
in a3 or SV system, the amplifier must swing much closer to 
the supplies. Do you need rail-to-rail output swing? Not 
always, but it’s helpful in many applications. 
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an ADC's differential inputs. A, doubles the 2V ADC reference to provide bias for the bridge. 
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When you can't afford to lose very-near-ground signals to offset and swing limitations, you can add some offset to the input 


signal (a). R,, 
the range of signals applied to the amplifier input (b). 
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R,, and R, reduce the ADC’s nominal input range but increase the usable input range because they also reduce 


Fig 4 shows a simple amplifier circuit that provides gain 
oO an ac signal at sampling rates up to 140 kHz. You can set 
he dc voltage at the amplifier’s output to a convenient volt- 
ige near the half-supply point; in this SV circuit, the output 
s biased at the 2.5V reference voltage. The circuit takes 
idvantage of the DAS chip’s differential inputs and sign bit 
0 achieve 13-bit resolution. IN, and IN, are a differential 
nput pair; IN, is connected to V,,,,=2.5V. Input signals that 
swing above 2.5V have a positive sign bit; those below 2.5V 
nave a negative sign bit. If the amplifier can swing to within 
25 mV of ground and V+, you can use 99% of the ADC’s full- 
scale input range. Using an amplifier whose output stage lim- 
its at, say, 500 mV, will lose 20% of the full-scale range and 
reduce the S/N ratio by about 2 dB unless you reduce the 
amplifier’s gain and develop a second, lower reference volt- 
age to drive the ADC’s reference input pin. 

In Fig 5, the output from a load cell drives a pair of 
amplifiers that differentially amplify the cell voltage. The 
differential output voltage from A, and A, drives the ADC’s 
differential inputs. The reference voltage can match to the 
amplifiers’ output swing. Because the LMC6484 amplifier 
can swing within a few millivolts of the supplies, a 2V ref- 
erence works well. A, doubles the ADC’s reference voltage 
to provide bridge bias. As in the ac-amplifier example, 
arriving at a practical design is easier if the amplifiers can 
swing very close to the supply rails, but it’s not critical that 
they do so. 


Living on the edge 

Limited output swing causes more trouble when you need 
to work with input signals near ground. For example, a non- 
inverting amplifier with a gain of 10 can take a O- to 250-mV 
input signal up to 0 to 2.5V at the ADC’s input. Virtually all 
low-voltage ADCs accept input voltages anywhere within the 
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ADCs’ supply rails, so a 3 or 5V ADC can easily handle a 0 to 
2.5V input range. 

Unfortunately, single-supply amplifiers can’t produce 
usable signals closer to the supply rails than a few milli- 
volts. If you need to digitize signals very near ground at 12 
bits of resolution, your amplifier may not be up to the task. 
(The first code transition for a 12-bit ADC with a O to 
4.096V range is at 0.5 mV.) In addition, if the amplifier’s 
offset voltage is negative, you will be throwing away input 
signals that are too small to overcome the offset-voltage 
and output-swing limits. 

Fig 6 shows a simple way to recover input range lost to 
amplifier offset and output-swing limits. Resistors R,, R,, and 
R, shift the amplifier’s output range up by 20 mV. Even when 
the input signal is at ground, the amplifier’s output exceeds 
the output stage’s limit voltage and is linearly related to the 
input. 


Handling bipolar input signals 

The ADCs discussed here have unipolar supplies and input 
ranges, but input voltages aren’t always unipolar. Although 
it is uncommon to generate any negative or bipolar signals 
in a system that operates from a single positive supply, you 
may occasionally need to accept negative or bipolar signals 
generated outside of your system. 

Fig 7 shows the simplest way to deal with these signals: 
A pair of equal-valued resistors is connected to V,,,, the 
amplifier’s input, and the signal source. This circuit con- 
verts an input signal whose range is +V,,, into an output 
with a range of ground to +V,,,; the network shifts the 
input voltage and divides the input signal by two. Input sig- 
nals near ground shift up to V,,,/2, so they are always with- 
in the ADC’s input voltage range. In this 3.3V system, the 
input voltage swing is +2.5V. In a SV system, the reference 
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A pair of resistors at the amplifier’s input transforms a bipolar input signal into a unipolar one that can drive a single-supply 
ADC. The analog-input range is now -V,,, to +V,,.. You can make this circuit work on a 5V supply if you substitute an ADC12032 
for the ADC12L032. With a 5V supply, you can extend the input voltage swing to +4.096V simply by using a 4.096V reference. 
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voltage might be 4.096V, resulting in a +4.096V input 
swing. 

If you’re interested in accurately converting input signals 
that reach all the way to -V,,,, you run into output-swing 
and input-offset-voltage-swing limitations. You can deal 
with these by slightly altering the resistor ratio or reference 
voltage to keep the minimum worst-case input voltage above 
the amplifier’s limit voltage. Most of the time, an amplifier’s 
input voltage should range from ground to +V,,,. But having 
an input common-mode range that extends to ground isn’t 
necessary if you aren’t interested in input signals that extend 
all the way to -V,,.. 

In most applications, the resistors should be relatively 
large so that they won’t attenuate your signal source; some- 
thing in the 10- to 100-kO range is typical for R, and R,. The 
op amp buffers the high source impedance to eliminate the 
effect of source impedance on acquisition time. An op amp 
with extremely low input bias current is best for this appli- 
cation. The LMC6482 is used here because of its extremely 
low input bias current and rail-to-rail input and output-volt- 
age swings. 

Remember that the matching of the resistors affects the 
accuracy of the overall circuit. When precision is critical, 
you'll need precision resistor arrays (available from Beckman, 
Caddock, and Allen Bradley), with two or more matched 
devices (0.01 to 0.05% matching and better than 15-ppm 
temperature tracking) in a single package. 


System calibration 
Whenever you perform analog signal processing ahead of 
your ADC, your signal-processing circuits can degrade the 
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accuracy of your system. Amplifier offsets, reference errors 
and resistor tolerances can cause offset and gain errors in thi 
output data. This is true in many systems but is especially 
true in low-voltage systems because amplifiers that work ir 
those systems are rarely precision devices. In some systems 
a small amount of gain or offset error is inconsequential, bu’ 
when the error budget is tight, you may need to perform 
some sort of calibration or error correction on the system. 

Fig 8 provides an example of the concept of system-cali- 
bration. The circuit uses a simple but effective offset-calibra- 
tion scheme. R,, R,, and R, provide offset shift. With typical 
op amps and resistors, several tens of millivolts of offset error 
can be present, and the precision with which R,, R,, and R, 
can be matched also affects the gain. The DAS chip’s input 
multiplexer helps to perform calibration. 

The calibration sequence begins by enabling the con- 
nection between IN, (ground) and MUXOUT+ and per- 
forming a conversion. This zero-scale calibration reading is 
called D,. Next, the connection between INO, (V,,,.), and 
MUXOUT+ is enabled to get full-scale reading, D, D, and 
D, can now be used to correct subsequent conversion 
results. Whenever a conversion is performed, the result, D,, 
(measured data), is adjusted to obtain the real input voltage 
within the resolution and accuracy limitations of the ADC: 


Vin=V per(D,-D pl (D,-D,) : 


Switch on-resistance has a strong effect on the perfor- 


mance of this circuit. If the on-resistance mismatch is to 


affect the correction accuracy by less than 1 LSB, any mis- 
match between the analog switches’ on-resistance should be 
less than (R,||R,)/2""', where n is the converter’s resolution in 
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Using an external multiplexer or the multiplexer switches in an ADC or DAS, you can measure the amplifier circuit's offset 
and full-scale errors and use them to correct subsequent readings. This circuit uses a 4-channel DAS chip. The circuit uses two 
of the input channels for calibration; the other two serve as the analog inputs. You can operate the circuit from a 3V supply 


by replacing the LM12434 with an LM12L434. 
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bits. For a typical 12-bit ADC, the on-resistance of the inter- 
nal multiplexer switches might be on the order of 1.5 kO 
max. If the switches match to within 5% (75), R,||R, must 
be at least 150 kO, which might result in a value for R, on the 
order of 3 to 5 kQ. When lower on-resistances are necessary, 
you can use an external multiplexer with lower R,,.. 

You can modify the circuit of Fig 8 for 3V operation sim- 
ply by replacing the LM12434 serial DAS chip with its low- 
voltage version, the LM12L434. The technique is not restrict- 
ed to DAS chips; it works with any multichannel ADC with 
MUXOUT and ADCIN pins. 


When do you need input protection? 

When a data-acquisition circuit’s supply voltage is only S 
or 3V, you have abundant opportunities to overdrive the 
ADC’s inputs. The lower the power-supply voltage, the more 
likely it is that a signal greater than the supply voltage will 
inadvertently drive the device. 

When the analog input signal applied to a CMOS ADC 
exceeds the power-supply voltage, incorrect conversions, 
latch-up, or even permanent damage can result. Most ADCs 
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By using clamp diodes (a), relatively small resistors protect an 
ADC's input from large overdrives and avoid the long acqui- 
sition times often needed with high-value protection resis- 
tors. In (b), an amplifier makes an excellent protection device. 
Because it operates from the same 3V supply as the ADC, the 
amplifier can’t overdrive the ADC’s logic input. If its input 
bias current is low, the amplifier’s input resistor doesn't add 
any dc errors. Watch out for noise, though; if the resistor is 
too large, its thermal noise will be significant at high gains. 
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begin to run into trouble with overdrive voltages of just a fev 
hundred millivolts, while others can withstand several volt: 
of overdrive. 

When the ADC’s analog inputs connect to the outside 
world, almost any input voltage can appear. One solutior 
is to add clamp diodes to the circuit (Fig 9a). R,, which lim- 
its the current into the IC, can be as small as 100 to 2000 
because the clamp diodes turn on at a voltage very close to 
the ESD-protection diodes’ turn-on voltages (assuming the 
clamp diodes are silicon devices). R,, which limits the 
clamp-diode current, depends on the maximum current 
rating of the clamp diode and the maximum expected over- 
drive voltage. For example, if the maximum possible input 
overdrive is 50V, a 5000 R, limits the external clamp-diode 
current to less than 100 mA. This value is compatible with 
most CMOS ADC input stages and doesn’t slow the charg- 
ing of the sampling capacitor enough to affect conversion 
accuracy. 

If your system includes amplifiers or other components 
to condition analog signals ahead of the ADC (and this is. 
probably the case), you can often use these devices to pro-| 
tect the ADC’s inputs. For example, a SV CMOS opera- 
tional amplifier can operate from the same SV or supply as | 
the ADC and, therefore, can’t overdrive the ADC. The 
problem now becomes protecting the op amp from dam- 
age due to large input signals. Unlike a current-limit resis- 


_ tor at the input to the ADC, however, a resistor at the op 


amp’s input pin doesn’t affect conversion accuracy as long 
as the amplifier’s input bias current is low. In fact, a CMOS 


op amp like the one in Fig 9b has virtually no input bias 


current (40 fA), so the primary error source is high-fre- 
quency roll-off due to the current-limit resistor and the 
input capacitance. 

With a 10-kQ input-protection resistor as in Fig 9b, the 
upper cutoff frequency is typically on the order of 8 MHz, 
which is much greater than the gain-bandwidth product 


_ of the amplifier. If you convert from bipolar to unipolar sig- 


nals as in Fig 7, the level-shifting resistors protect the 
amplifier from overdrives, and additional resistors are 


unnecessary. 


Some recent ADCs include built-in protection for over- 
drive voltages well in excess of the supply voltage. The 


~ ADC12038 in the circuit of Fig 3 and the LM12434 in Fig 


8, for example, can handle overdrives at least SV beyond the 
supply voltage. Therefore, for limited overdrives, they need 
no protection at all. 


When powering-down equals blowing up 

If a system is designed for low power dissipation, chances 
are good that it operates from a 3 to SV supply. It’s also like- 
ly that the system uses some form of power management. A 
common approach to reducing power dissipation involves 
shutting down sections of the system that are not in use at a 
given time. 

A simple technique is to shut off the power supply to the 
unneeded circuits. You can accomplish this conveniently 
using a voltage regulator with a shutdown logic input. 
When a system does not need the analog circuits, the 
microcontroller shuts them down via the voltage regula- 
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tor’s shutdown pin. The drawback to this approach is that 
the digital parts of the system are still active. If one of the 
ADC’s digital input lines is pulled high by a digital circuit 
that remains powered up, that input can be damaged, or 
the IC may latch up because the logic signal exceeds V+, 
which is OV when the power supply is shut down. In some 
systems, it is a simple matter to keep the digital circuitry 
from driving the ADC while its supply voltage is off, but this 
is not practical in every system, especially if the ADC con- 
nects to a bus. 

Because of this problem and because shutting down a volt- 
age regulator often requires additional components and cir- 
cuit-board area, several recent ADCs include power-down 
functions on-chip. Either driving a shutdown pin to a spec- 
ified logic level or issuing a software command through the 
ADC’s I/O forces the ADC into a low-power state with its sup- 
ply voltage still applied. Since the supply voltage is present, 
digital circuitry operating from the same supply can’t over- 
drive the ADC during shutdown. An example appears in Fig 
10. In this 0 to 100°C temperature monitor, the »P directly 
shuts down the LM12434 serial DAS chip. The npn transis- 
tor, which is driven by the DAS chip’s standby output pin 
(STBY), shuts off the temperature sensor, amplifier, and 2.5V 
bandgap reference. The circuit, therefore, requires no addi- 
tional lines from the microcontroller other than those that 
control the DAS. 

When active, the DAS-amplifier-sensor-reference subsys- 
tem dissipates less than 43 mW. When shut down, the sub- 
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system dissipates about 50 ~W. When the circuit is active, | 
the differential inputs on the DAS look at the amplifier out- 
put and reference with respect to the npn transistor’s collec- | 
tor, thus eliminating any errors caused by the transistor’s sat- | 
uration voltage. By simply shutting off the converter and 
other analog components between conversions, you can 
achieve very low power dissipation, even with a relatively 
fast, high-performance converter. 
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The new 5-V ADM202 two-channel RS- 
232 transceiver consumes only 4 mA 
max Ipp, 75% lower than its nearest 
competitor. It operates on a single 5-V 
supply, works with 0.1yF capacitors, 
and is ideal for battery-powered and 
other power-sensitive applications. 
The ADM202 is also suitable for 
high data rate applications. It drives 120 
kbps into 1-nF loads, allowing users to 
transfer files over long cable lengths at 
maximum speed. It is available in 16- 
pin DIP, and both wide and narrow 
SOIC packages. The ADM202 is pin 
compatible with industry standard 232 
devices. Prices begin at a low $1.20." 
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stantially less power than other solu- 
tions. The ADM5170 octal line driver 
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mA enabled. The ADM5180 octal line 
receiver requires a supply current of 
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MICROPROCESSOR 
SUPERVISOR BREAKS THE 
140 ns CHIP ENABLE PROP 
DELAY BARRIER 


The ADM691 microprocessor supervisor 
has a prop delay of just 9 ns max over 
the full industrial (-40 to +85°C) temper- 
ature range. It is the first to break the 

10 ns barrier, an important considera- 
tion where RAM needs to be disabled 
quickly after a power failure has been 
detected. 

The ADM691 is able to switch bat- 
tery currents of up to 100 mA and gen- 
erate a valid reset 120 ns after a fault 
condition. Yet, it consumes less than 
2 mA max Ipp. 

Analog Devices can meet all your 
power management needs with the 
ADM69x family of microprocessor super- 
> visors. In addition to the ADM691, it 
ADM691 KEY FEATURES /— includes devices with reset generation, 
oe ae nrop deley battery steering, power fail warning and 

_ watchdog timer functions. Pricing for the 
¢ Less than 2 mA max Ipp | ADM691 begins at $2.60. 
e Switches battery currents up to 
100 mA 


( 
—| : | 
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LOW COST 5-V RS-232 
CONSUMES ONLY 
4 mA MAX 


The ADM232L runs at 120 kbps, and 
combines low power — 4 mA max — 
with low cost — just $1.20. The 
ADM23xL family of RS-232 trans- 
ceivers offer the best cost/power 
ratio in the industry, and are latch- 
up free. These low-cost, low-power 
devices are ideal for your volume 
requirements. 


ADM232L 
KEY FEATURES 


¢4mA max Ipp 


e Latch-up free 
¢ Low cost 


FOR DATA SHEETS OR SAMPLES 


HIGH DATA RATE/LOW 
SKEW RS-485 CONSUMES 
ONLY 2.2 mA 


For applications that require high 
speed and low skew, but with minimal 
supply current, investigate the 
ADM485 and ADM1485 from Analog 
Devices. 

The ADM485 is a 5 Mbps, 2.2 mA 
single RS-485 transceiver in an 8-pin 
package. The ADM1485 blazes along 
at 30 Mbps, and still requires a miserly 
2.2 mA. Both have typical 0 ns driver 
output-to-output bar skew, so you 
may relax your “skew budget” for 
cables and other devices. 

Pricing begins at $1.24 for the 
ADM485, and $1.55 for the ADM1485. 


ADM1485 
KEY FEATURES 


¢ 30 Mbps 


e 2.2 mA max 
¢ Zero output-to-output bar skew 


oo a I 


3.3-V NOTEBOOK PC 
SERIAL PORT DRIVES 
100 FEET CABLE WITH 
FULL RS-232 LEVELS AT 
116 kBPS 


The new ADM560/1 complete serial 
port transceivers consume only 1.5 mA 
typical, but are capable of driving seri- 
al port mice and supporting 116 kbps 
data rates on 100 foot cables at 3.3 V. 

The ADM560/1 feature maximum 
data rates of 230 kbps. Their digital 
inputs may be driven up to 5 V with 
a 3.3-V supply, allowing use in split- 
supply systems. 

The ADM560/1 are pin compatible 
with xxx241, and are available in 
SSOP packages. Prices start at $2.10. 


ADM560/1 
KEY FEATURES 


e 1.5 mA I¢¢ typical 
¢ 230 kbps max data rate 


¢ Drives serial port mice 


Signal measured at receiver input 
when ADM560/1 used to drive 100 feet 
of RS-232 cabling at 116 kbps. Fully 
meets RS-232 levels while providing 
clean waveforms to ensure error-free 
communications. 


1.800.262.5643 


LINEAR REGULATOR 
PROVIDES 3-V, 5-V 

AND VARIABLE VOLTAGE 
AT 100 mA 


Analog Devices’ new linear regulators, 
the ADM663A and ADM666A, feature the 
patented Tri-Mode system. This system 
allows you to select a pre-trimmed 3.3-V, 
5-V or adjustable output voltage. 
Additionally, the regulators provide 100 


ADM663/6A 
KEY FEATURES 


e Pretrimmed 3.3-V, 5-V or adjustable 
output voltage at 100 mA 


e Low power shutdown of 6 pA 
(typical) 
e 8pin SOIC package 


th 


CHOOSE HIGHEST 
PRECISION/LOWEST NOISE 
OR LOWEST POWER WITH 
ANALOG DEVICES’ 
REFERENCES 


Whether you need the industry’s highest 
precision/lowest noise 2.5-V voltage 
reference, or the lowest power 2.5-V 
or 5.0-V voltage references, Analog 
Devices can meet your requirements. 
Analog Devices’ AD780 is the high- 
est precision 2.5-V voltage reference 
available, and can also provide 3.0-V 
output while maintaining industry stan- 
dard pinout. It has a temperature coeffi- 
cient of 3 ppm/°C, and initial accuracy 
of 1 mV over the entire industrial tem- 
perature range. The AD780 offers the 
lowest noise, 100 nV/\Hz, in its category. 
It also offers the lowest price, beginning 
at $3.30, of any high precision, low 
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mA current, thermal shutdown, ultralow 
power shutdown of 6 iA (typical) and 
many other industry-leading features. 

The ADM663A and ADM666A are 
ideally suited for applications requiring, 
for example, 9 V to 5 V or 5 V to 3.3 V at 
up to 100 mA with shutdown — using no 
external components and providing 5% 
accuracy. 


noise reference. The AD780 is available 
in various package options, including 
both surface mount and through-hole. 

The REF192 and REF195 are the 
first two members of our new micro- 
power precision voltage reference family. 
For portable or battery-powered appli- 
cations, these references feature a low 
quiescent current of 45 pA (max), and 
15 pA in sleep mode. The REF 192 and 
REF 195 provide 2.5-V and 5.0-V out- 
puts, respectively, with initial accuracy 
of +2 mV and temperature coefficient 
of +5 ppm/°C. 

The REF195 also features a low 
dropout voltage of 100 mV with a 1 mA 
load. Maximum load current is 30 mA 
for both references, allowing dual use 
as micropower regulators. Future 
micropower reference products will 
cover your complete reference needs 


Now you can achieve 3.3 V or 5 V 
with power fail warnings, shutdown, 
programmable current and other capa- 
bilities using only the tiny 8-pin SOIC 
package of the ADM663A/666A and a 
single 0805 body stability capacitor. 

Pricing begins at $1.40 for the 
ADM663A, and $1.65 for the ADM666A. 


for 3-V and 5-V systems. The REF 19x 
reference pricing starts at a low $1.94. 


AD780 KEY FEATURES 


e Temperature coefficient of 
3 ppm/°C 

e Initial accuracy of 1 mV 

Noise 100 nV/VHz 


REF192/195 
KEY FEATURES 


e Low quiescent current of 45 pA 
max, 15 pA in sleep mode. 

e Low dropout voltage of 100 mV 
with a 1 mA load 

e Pricing starts at a low $1.94. 


ANALOG 
DEVICES 
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Analog Devices, Inc. 

One Technology Way 
P.O. Box 9106 

Norwood, MA 02062-9106 
Tel: (800) 262-5643 

Fax: (617) 326-8703 
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enter the exciting Philips 4-7. 


Dream Machine Design Contest. 
a design to us using the 8XC750 or any 


| ins te Philips DS-750 gives you all che Philips 80C51 microcontroller derivatives by 


hardware, software and documentation September 30, 1994. If it turns our judges on 


peeded tc quickly build, emulate and their heads, you could win the Camaro or a 


debug 8-bit designs using our 8XC750. color or monochrome laptop computer. | 
The 8XC750 is our powerful, low-cost So turn it up. Use your credit card to order __ 
sntry into the full family of Philips 80C51 the DS-750 today. We'll also send you more infor- 


6 rocontrollers. mation on this incredible design contest: 


aes 1-800-447-1500, ext. 120 DN 


© Philips Electronics North America Corporation, 1994 


~ Philips _. - PHILIPS 
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714/957-3367 « 


Sales 908/525-8000 - 
219/244-4000 


EPSON 


The Crystalmaster 


CRYSTALS 


More Epson Crystals to 
choose from 


sa ol 
ff 
jf td 
pip al 


Low frequency tuning fork type 
32.768 KHz 
20 to 165 KHz 


CA-301 
AT-Strip High frequency type 
4.0 to 64.0 MHz 


MC-405/6 * ' 

has heat resistive C-2H crystal 
L10.4xW4.06xH3.56mm 

20 to 165 KHz 


MA-406 and MA-505/6 
have heat resistive CA-303 
crystal 

4.0 to 64.0 MHz 


MC-306 


utilizes new adbanted EPSON 
tuning fork technology 
L7.9xW3.8xH2.5mm 

39.768 KHz 


MA-306 

employs new AT-strip 
technology 
L7.9xW3.8xH2.5mm 
17.7 to 40.0 MHz 


EPSON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 > 
CO-UT Wn. Region Mktg. 303/428-8088 - 
MD-VA Tech Sales Assoc. 301/461-7802 = 
NY Elcom Sales 716/385-1400 = 
+ TX-OK Component Tech. 214/783-8831 


Rosen Assoc. 617/449-4700 -« 


METRO-NY Niktronix 516/929-4671 
* CANADA Dynasty Components. Inc. 613/596-9800 


OSCILLATORS 


Latest technology Epson 
Crystal Oscillators 


SG-51 
Full Size 


SG-531 

Half Size 
Auto-insertable 
Frequency range 1.025 to 
67.0 MHz 


has internal heat resistive CA-303 
crystal 

L14.0xW9.8xH4.7mm 

1.025 to 67.0 MHz 


8G 06G5 5 
x 21404 


SG-636 — 

utilizes new Pitaiced EPSON 
AT-strip technology 
L10.3xW5.8xH2.8mm 

2.20 to 67.0 MHz 


Request your copy of the 
Crystalmaster Catalog today. 


® 


EPSON AMERICA, INC. 
COMPONENT SALES DEPARTMENT 


TEL: (310) 787-6300, FAX: (310) 782-5320 


FL Dyne-A-Mark 407/660-1661 
MI-IN-KY C C Electro 317/921-5000 


CIRCLE NO. 75 


AZ-NM Fred Board Assoc. 602/994-9388 - 
* IL-WI LTD Technologies 708/773-2900 - 
MN Electromark 612/944-5850 + 
* OH J.D. Babb Assoc. 216/934-4454 - 


Founder of the crystal-timing era and 
master of the latest crystal technology, 
Epson has the broadest lines available 
for Crystals, Crystal Oscillators, and Rea 


| Time Clocks. 


REAL TIME CLOCKS 


Epson Real Time Clocks... 
built-in Crystal for every 
application 


DIP and SOP Type RIC’s...Second-to-year 
and day-of-the-week 


RTC-4553 Serial data bus, miniature 
package, user SRAM (30 x 4 bit). 

RTC-58321/3 4 bit parallel bus, I/O 
connection. 

RTC-62421/3 4 bit parallel bus, low 
standby current consumption. 

RTC-72421/3 4 bit parallel bus, low 
standby current consumption. 

RTC-63421/3 4 bit parallel bus, alarm 
function. 

RTC-64611 8 bit parallel bus, alarm 
function. 

RTC-65271 8 bit parallel bus, 4K bytes 
SRAM, battery holder. 

RTC-658X 8 bit parallel bus, 114 bytes 
SRAM, battery holder. 

RTC-659X 8 bit parallel bus, 114 bytes 
SRAM, alarm, battery holder. 


CA-No. Costar 408/446-9339 - 
KS-MO-IA Microtronics 913/262-1444 - 
NC-SC Envision 919/231/9939 « 
OR-WA Matrex 503/245-8080 - 


CA-So. Bager Electronics 
MA-NH-CT | 
NJ JMR 
PA Omega Sales | 


[hree-phase brushless 
motor controller in sur- 
face-mount package. The 
519979CS controller inte- 
zrates a high-side drive and 
ow-voltage regulator func- 
tions. The controller pro- 
vides commutation from 
Hall-effect sensors, letting 
you use 60 or 120° spacing. 
Other features include 
inputs for direction, quadra- 
ture selection, PWM and 
braking control with cross- 
conduction protection, cur- 
rent limiting, and under- 
voltage lockout. The device 
handles motor currents from 
1 to 5A. When combined 
with the company’s Little 
Foot power MOSFETs, the 
total board space is less than 
3.5 in.” for controlling 20 to 
40V motors. The Si9979CS 
‘costs $7.09 (1000). Sili- 
conix, Santa Clara, CA. 

(408) 988-8000. 
Circle No. 414 


Video op amp features a 
3-dB bandwidth of 110 
MHz at a gain of 2. The op 
amp drives double-terminat- 
ed 75Q coaxial cable to 
video levels and has a TTL- 
compatible disable function. 
Enable and disable times are 
75 nsec. The device operates 
on any supply voltage from 
+5 to +16V and consumes 
7.5 mA, regardless of supply- 
voltage level. You can con- 
nect outputs of multiple 
devices for multiplexer appli- 
cations. Differential gain 
and phase are <0.01% and 
0.01°, respectively, at S000. 
The EL2166 comes in eight- 
pin plastic DIP and SOIC 
packages and costs $2.90 
(1000). Elantec Inc, Milpi- 
tas, CA. (408) 945-1323. 
Circle No. 415 


Digitally controlled po- 
tentiometer has audio 
log taper. The X9314 audio 
log taper E?POT provides 32 
steps arranged in an audio 
log taper. Chip-select, direc- 


tion, and increment signals 
select the output level, and 
the setting is stored in EEP- 
ROM. End-to-end resistance 
is 10 kQ. $0.86 (10,000). 
Xicor Inc, Milpitas, CA. 
(408) 432-8888. 

Circle No. 416 


DSP offers on-chip flash 
memory. The FlashDSP 
1616 executes SO MIPS at SV 
and 30 MIPS at 3V. The on- 
chip 12k-word flash memory 
lets you quickly load, test, 
and reload development 
software. Because’ the 
FlashDSP behaves the same 
as the ROM-coded version, 
system performance does 
not change when you use 
the flash-based DSP for 
development and then 
change to a ROM-based ver- 
sion for production. The 
FlashDSP 1616 costs $1000 
(10) and is available now. 
Development kits with three 
engineering samples, soft- 
ware, and hardware-develop- 
ment tools will be available 
by year-end for $20,000. 
AT&T Microelectronics, 
Allentown, PA. (800) 372- 
2447. Circle No. 417 


3.3V SRAM available in 
TSOP. The 15-nsec, 256-kbit 
MSMV278DVP-15 is config- 
ured as a 32kX8-bit device. 
The standby current is 100 
pA max (10 pA typ) in 
power-down mode. Active 
current is 90 mA max (80 
mA typ). The high speed, 
low power, and small pack- 
age suit the device to cache- 
memory systems in portable 


I IRCUITS 


NTEGRATED CIRCU 


computers. In addition to 
the 28-pin TSOP, the device 
comes in DIP, SOJ, and SOP 
packages. $6. (1000). Mit- 
subishi Electronics Ameri- 
ca Inc, Sunnyvale, CA. (408) 
730- 5900. Circle No. 418 


64-bit RISC processor 
offers 150-MHz opera- 
tion, family price reduc- 
tion. The Orion R4600 Mips 
RISC pP family offers lower 
prices than previous versions 
and a 150-MHz version. The 
device suits Unix and Win- 
dows NT applications. Prices 
are $175 for the 100-MHz ver- 
sion, $250 for the 133-MHz 
version, and $325 for the new 
150-MHz version. All ver- 
sions are available. Integrat- 
ed Device Technology Inc, 
Santa Clara, CA. (800) 345- 
7015. Circle No. 419 


DSP-based codec handles 
four speech channels. For 
use in private-branch- 
exchange and central-office 
switches, the SICOFI-4 PEB 
2465H handles as many as 
four analog subscriber chan- 
nels. The chip interfaces four 
analog telephones to the dig- 
ital-switch environment, 
including encoding, decod- 
ing, and pulse-code-modula- 
tion circuitry. Programma- 
ble DSP functions include 
impedance matching to 
eliminate telephone-line 
echo, transhybrid balancing 
to eliminate echoes and sig- 
nal losses in the subscriber- 
line interface circuit, and 
two programmable filters. 
Production quantities will 
be available in the third 
quarter and cost $12.70 
(10,000). Siemens Compo- 
nents Inc, Cupertino, CA. 
(800) 777-4363, ext 274. 
Circle No. 420 


High-power semiconduc- 
tor family uses ISOTOP 
package. The ISOTOP 
(SOT-227) package offers a 
2500V isolation rating, a par- 
asitic inductance of <5 nH, 
and a thermal resistance of 
0.27°C/W in a 5-cm? vol- 
ume. The package suits 


500W to 3-kW industrial 
applications and works with 
the company’s new TMOS 
family of MOSFETs, ultrafast 
rectifiers, and Schottky recti- 
ae The TMOS devices have 

Roson) Values from 5.5 to 80 
m() and voltage ratings from 
100 to 500V. The MTE- 
215N10E costs $20 in pro- 
duction quantities. Motoro- 
la Semiconductor Products 
Sector, Phoenix, AZ. (602) 
244-3071. Circle No. 421 


3.3V 0.5-um embedded- 
cell ASICs have 170-psec 
gate-access time. The 
M6010X devices have a gate- 
usage rate of approximately 
70% and a maximum of 1 
million available raw gates. 
The company offers embed- 
ded high-speed synchronous 
or asynchronous, single-port 
RAM with up to 256 kbits 
per block. A 512-word x 32- 
bit synchronous RAM has a 
3.7-nsec worst-case access 
time. Multiport RAM is also 
available. The clock-distribu- 
tion system can drive 5000 
flip-flops with worst-case 
skew of <300 psec. The ASICs 
have a PLL with lock ranges 
selectable to 40 to 120 or 120 
to 180 MHz. Mitsubishi 
Electronics America Inc, 
Sunnyvale, CA. (408) 730- 
5900. Circle No. 422 


Two-chip set handles 486 
system logic and X-bus 
peripheral control. The 
VT82C496 system-controller 
chip includes a CPU and a 
local-bus interface, a cache 
controller with write-back 
and write-through for caches 
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from 32 kbytes to 1 Mbyte, a 
page-mode DRAM con- 
troller, a synchronous ISA 
bus controller, an integrated 
power-management unit, 
and an embedded VL bus 
IDE controller. The other 
chip in:: the \set,. the 
VT82C406MV IXP X-bus 
peripheral controller, in- 
cludes a multiclock genera- 
tor, a keyboard controller, a 
real-time clock, and miscel- 
laneous functions. The Pluto 
chip set is available now and 
costs $18 in volume. Via 
Technologies Inc, Fremont, 
CA. (510) 683-3300. 

Circle No. 423 


wP-based fast battery 
charger uses special fea- 
tures for NiCd and NiMH 
batteries. The ATC106 bat- 
tery-charging IC uses indus- 
try-standard techniques, 
—AV and AT/At, for NiCd bat- 
teries. Automatic or manual 
discharging is also available. 
For safety, the IC measures 
maximum temper- ature 
and maximum voltage dur- 
ing the charge cycle. The IC 
does not limit the number of 
batteries being charged, and 
it accommodates | either 
PWM or linear-power sup- 
plies. Because NiMH batter- 
ies do not always show a 
peak voltage when being 
fast-charged, the charger IC 
stops charging if the voltage 
remains unchanged or ex- 
hibits a zero AV after a period 
of fast charging. The charger 
also stops trickle charging 
NiMH batteries after 15 hours 
to avoid damage. The ATC106 
includes self-test and costs 
$3.50 (1000). Shoreline Elec- 
tronics Inc, Santa Clara, CA. 
(408) 987-7733. 

Circle No. 424 


2-to-1 video multiplexer 
has 210-MHz bandwidth 
at 1.4V p-p signal level. 
The MPC104 multiplexer 


has two identical open-loop 


buffer amplifiers offering 79- 
dB channel crosstalk and 86- 
dB off-channel isolation at 
30 MHz. Differential gain- 
and-phase errors are 0.03% 
and 0.01°, respectively. 
Switching transients are +13 
and -4 mV. The 1-pF typ 
output capacitance lets you 
assemble multiple multiplex- 
ers into large crosspoint 
fields. Performance is speci- 
fied for +5V supplies. $4.94 
(100). Burr-Brown Corp, 
Tucson, AZ. (602) 746-1111. 

Circle No. 425 


Low-cost 5V, 16-bit ADC 
combines on-chip modu- 
lator, decimator, refer- 
ence, and clock. The two- 
channel AD1877 features a 
fourth-order modulator, a 
three-stage decimator, a volt- 
age reference, and a clock 
divider. Minimum dynamic 
range within the 20-Hz to 
20-kHz bandwidth is 92 dB, 
and minimum signal-to- 
noise is 88 dB. The converter 
interfaces directly to stan- 
dard wPs and DSPs. Available 
in a 28-pin SOIC, the 
AD1877 starts at $10 (1000). 
Analog Devices Inc, Wilm- 
ington, MA. (617) 937-1428. 

Circle No. 426 


Op amps offer high speed 
and low noise. The 
CLC426 uses a voltage feed- 
back architecture to provide 
a 230-MHz gain-bandwidth 
product with noise specifi- 
cations of 1.6 nV/VHz and 2 
pA/VHz. The op amp has a 
400-V/usec slew rate and set- 
tles to 0.05% in 16 nsec. The 
CLC426 is internally com- 
pensated for gains of two or 
more. The CLC428, a unity 
gain-stable-dual op amp, is 
also available. Prices start at 
$3.95 (1000). Comlinear 
Corp, Fort Collins, CO. (303) 
226-0500. Circle No. 427 


Three-chip set for note- 
book computers includes 
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PCMCIA and X-bus con- 
trollers. The three-chip set 
includes the VT82C425 sys- 
tem controller for CPU and 
local-bus interface, DRAM 
control, ISA bus control, 
power management, and 
local bus IDE control; the 
VT83C465 PCMCIA socket 
controller for full implemen- 
tation of two PCMCIA 2.0 
sockets; and the VT82- 
C406MV X-bus peripheral 
controller, including multi- 
clock generator, keyboard 
controller, and real-time 
clock. The Diana chip set 
costs $20 in volume. Via 
Technologies Inc, Fremont, 
CA. (510) 683-3300. 

Circle No. 428 


256kx16-bit DRAM fea- 
tures 100-Mbyte/sec 
page-mode data-transfer 
rates. The wPD424210A 4- 
Mbit DRAM supports clock 
speeds as high as 50 MHz 
with zero wait states. Sam- 
ples are available now for 
$22, and mass production is 
expected in the fourth quar- 
ter. NEC Electronics Inc, 
Mountain View, CA. (800) 
366-9782. Circle No. 429 


3.3V SRAM family fea- 
tures access times down 
to 8 nsec. The wPD43xx32 
family of 32kx32-bit CMOS 
SRAM is suited for use as sec- 
ondary cache with high- 
speed Ps such as Intel’s Pen- 
tium and  Motorola’s 
PowerPC. The memory fam- 
ily provides burst read and 
write in either Pentium- or 
linear-burst sequences. 
Pipelined and nonpipelined 
flow-through versions will 
be available. Expect samples 
in the fourth quarter of 1994 
and full production in the 
first quarter of 1995. $50 
(100). NEC Electronics Inc, 
Mountain View, CA. (800) 
366-9782. 

Circle No. 430 


6-bit quadrature digitiz- 
er combines quadrature 


demodulation with A/D 


conversion. The MAX2101 
accepts input signals from 


400 to 700 MHz and prc 
vides adjustable gain for 
to 40 dB of dynamic rang 
Each baseband may be fi 
tered using the include 
fifth-order Butterworth low 
pass filter, variable from 1 
to 30 MHz. The device als 
includes a programmabl 
counter for variable sampl 
rates and a signal-detectior 
function. The basebanc 
sample rate is 60M sam 
ples/sec. Available in a 100 
pin MQEFP, the MAX210: 
costs $17.95 (1000). Maxim 
Integrated Products, Sun 
nyvale, CA. (408) 737-7600 
ext 6087. Circle No. 431 


32- and 64-bit GUI accel- 
erators have live-video 
capability. The DRAM- 
based graphical user inter- 


face (GUI) accelerators 
include on-chip, 16-bit VESA 
advanced-feature connector 
DACs to provide live video. 
The chips allow the display 
of both full-screen and win- 
dowed full-motion video in 
noninterlaced 1024x768- 
pixel resolution using ‘/ 
Mbyte of DRAM. The 32-bit 


~TGUI9440AGi includes an 


on-chip 108-MHz pixel clock 
and RAMDAC to display a 
1280x1024-pixel image at 60 
Hz noninterlaced. The 64-bit 
TGUI9660XGi uses an on- 
chip 135-MHz pixel clock to 
display a 1280x1024-pixel 
image at 75 Hz noninter- 
laced. The 32-bit chip costs 
$17 (OEM), and the 64-bit 
chip costs $27. Trident 
Microsystems Inc, Moun- 
tain View, CA. (415) 691- 
217. Circle No. 432 


12-bit ADC with sample- 
and-hold in 8-lead SOIC 
package. The converter 
uses three-wire serial I/O and 
consumes 20 wA at a 1k-sam- 


ple/sec conversion rate. The 
converter operates from 3V 
supplies and is suitable for 
battery-power applications. 
When not converting, power 
consumption drops to 1 nA. 
The LTC1285 uses differen- 
tial inputs, and the LTC1288 
has a two-channel multi- 
plexed input. $6.22 (1000) in 
plastic DIP and $6.63 (1000) 
in SOIC. Linear Technology 
Corp, Milpitas, CA. (408) 
432-1900. Circle No. 433 
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Active filters provide 
-100-dB attenuation 
with low noise. A line of 
fixed and programmable lin- 
ear-active filters provides 
high attenuation, and noise 
and distortion are low 
enough for use with 16-bit 
ADCs. The filters are factory- 
tuned to a user-specified cor- 
ner frequency or an 8-bit 
tuning range from 1 Hz to 
102.4 kHz. Lowpass filter 
types include Butterworth, 
Bessel, elliptic, and constant 
delay. Butterworth and ellip- 
tic filters are also available for 
highpass filtering. The D68 
fixed-frequency filters start 
at $120 (1000), and the pro- 
grammable-frequency 828 
and 858 filters start at $275 
(100). Frequency Devices 
Inc, Haverhill, MA. (508) 
374-0761. Circle No. 434 


Source-routing transpar- 
ent interface for token- 
ring chip sets. The 
MU9C8148 SRT interface 
works with token-ring chip 
sets and the company’s LAN 
content-addressable memo- 
ry, providing a 128-entry 
instruction buffer that holds 
as many as seven download- 
able filtering and purging 


routines. The interface meets 
IEEE standards and pro- 
vides address-filter rates of 
150,000 frames/sec for min- 
imum-length frames. $30 
(1000). Music Semiconduc- 
tor, Colorado Springs, CO. 
(719) 570-1550. 

Circle No. 435 


ICs provide building 
blocks for digital-com- 
munication networks. 
The STC104 uses the DS-link 
serial protocol developed by 
the vendor and now being 
adopted as an IEEE standard. 
Each chip has 32 DS-link 
inputs and outputs connect- 
ed through a 32x32 crossbar 
switch that lets you route 
data streams from all inputs 
to all outputs simultaneous- 
ly. Each input link has its 
own programmable routing 
engine that lets the chip 
handle 200 million pack- 
ets/sec. The STC101 Parallel 
DS-link adapter provides an 
interface between the serial 
DS-links and external sys- 
tems, such as buses, periph- 
erals, and wPs. The STC104 
costs $200, and the STC101 
costs $20 in OEM volumes. 
SGS-Thomson Microelec- 
tronics, Lincoln, MA. (617) 
259-0300. Circle No. 436 


Digital CMOS clock chip 
has 300-psec delay. The 
Equality 6600 clock-chip 
family have 10 adjustable 
outputs from 30 to 170 MHz. 
The chip uses digital tech- 
nigues instead of voltage- 
controlled oscillators and 
PLLs to generate the clock 
signals. Pin-to-pin skew is 
250 psec. $18 (S00). PLX 
Technology Inc, Mountain 
View, CA. (415) 960-0448. 
Circle No. 437 


RGB-to-NTSC/PAL analog 
encoder drives RGB mon- 
itors directly. The AD721 
includes a pin-selectable 
encode or bypass mode. 100- 
MHz triple-video amplifiers 
with a gain of 2 can drive 
75Q, reverse-terminated 
loads. The monolithic 
encoder provides the neces- 


sary lowpass filters and delay 
lines and operates from +5V 
supplies. Suitable for applica- 
tions such as PC-video plug- 
in cards and multimedia sys- 
tems, the device provides 
composite video output with 
0.1% differential gain and 
0.1° differential phase errors. 
The 29-pin PLCC costs $6.25 
(10,000). Analog Devices 
Inc, Wilmington, MA. (617) 
937-1248. Circle No. 438 


Transceiver chip set aims 
at 2.4-GHz wireless appli- 
cations. The TQ9205 ampli- 
fier/switch front end pro- 
vides transmit and receive 
switching configured for 
half-duplex operation at 
both the antenna and filter 
ports. The receive path con- 
tains a low-noise amplifier, 
and the transmit path con- 
tains a 100-mW power 
amplifier. The TQ9206 RF 
up/down-converter contains 
mixers, buffers, and an on- 
chip VCO for tuning over 
the 2.400- to 2.483-GHz 
band. The buffered output 
may be connected directly to 
the divider input of a PLL 
synthesizer. $9.77 (10,000). 
Triquint Semiconductor 
Inc, Beaverton, OR. (503) 
644-3535. Circle No. 439 


Monolithic 900-MHz GaAs 
down-converter operates 
off single 5V supply. The 
AWRO900 down-converter 
includes an oscillator and 
image filter and has a 3-dB 
noise figure and a 15-dB con- 
version gain. Low-power 
consumption makes the 
device suitable for battery- 
powered systems. $5 (1000). 
Anadigics, Warren, NJ. (908) 
668-5000. Circle No. 440 
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High-speed op amps 
offer dc accuracy and 
low power consumption. 
The LT1361/62 voltage-feed- 
back dual/quad op amps 
have a SO-MHz gain-band- 
width product and slew at 
800 V/psec, yet consume 
only 4 mA per amplifier. 
Maximum input-offset volt- 
age is 1 mV. The LT1364/65 
have a 70-MHz gain-band- 
width product, 1000-V/psec 
slew rate, and 1.5-mV maxi- 
mum input-offset voltage 
and consume 6 mA per 
amplifier. Differential gain is 
0.06%, and differential 
phase is 0.04° when driving 
a 1500 load. The LT1361 
and LT1364 dual op amps 
start at $3.37 (1000), and the 
quad op amps start at $5.88 
(1000). Linear Technology 
Corp, Milpitas, CA. (408) 
432-1900. Circle No. 441 


Nine-line active SCSI ter- 
minator works with 3V 
systems. The UCC5614 
active SCSI terminator works 
with 3 to SV systems and fea- 
tures a selectable 110Q and 
2.5-kQ, termination mode. 
Channel capacitance is 2pF. 
$2.90 (1000). Unitrode Inte- 
grated Circuits Corp, Mer- 
rimack, NH. (603) 424- 
2410. Circle No. 442 


SRAM modules offer 
2x512kx8-bit capacity. 
The EDI9F81025C-BPC 
CMOS SRAM module is a 36- 
pin SOIC package available 
with 70-, 85-, and 100-nsec 
access times. The memories 
are available in standard or 
low-power versions with 
data retention at 2 or 3V. 
Prices start at $346 (100) for 
the 100-nsec version. Elec- 
tronic Designs Inc, West- 
borough, MA. (508) 366- 
SIL: Circle No. 443 
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Wide and deep FIFO buffer pro- 
vides color pixel formatting. The 
GT-24001 color pixel formatter com- 
prises three 32-bit-wide by 1104-loca- 
tion-deep synchronous FIFOs. 
Although usable as a 33-MHz dual-port 
SRAM-based FIFO, the device includes 
features such as data packing and the 
use of a planar mode to reduce frame 
buffer memory by 25% in color print- 
ers, scanners, and copiers. The planar 
mode stores each color in a separate 


| | 


ee Sapuainekepiiaaaamateenaiaanas 


The industry’ s most flexible 
_ and versatile system design 
_ tool for today’s applications: 
_ > DSP systems 

- > Communications 


address space. $89.75 (SOOO). Galileo 
Technology Inc, San Jose, CA. (408) 
451-1400. Circle No. 444 


Hard-disk-drive read channel fea- 
tures low-power operation. The 
CXA1771R hard-disk-drive read chan- 
nel requires 80 mA when fully powered 
in the read mode, 50 mA in the write 
mode, and 10 mA during standby. The 
read channel is capable of 32-Mbit/sec 
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Bringing workstation-level design, simulation and analysis tools to your 

PC. Intuitive, powerful and dynamic, SystemView thinks like you do. 

wae eile its hued to-use graphical user interface, there’s no code to learn! 

_____ Industry-leading features include: 

@ Analog, digital, mixed mode, and multi-rate 
system development 

@ Linear and non-linear system design 

__ @ Laplace and z-domain linear system specification. 

__ Join the enthusiastic users in industry and in 

_ universities worldwide...Discover SystemView: the 
most powerful system design tool available today. 


Call ELANIX now. 1-800-535-2649 


555 5 ideo a tank i, suite 3 iH West slke ate Vilage, cast a1) 81 597-1414 » Fax (818) 597-1427. © ELANIX, Inc. 1994. SystemView by ELANIX is a trademark of ELANIX, Inc. 
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CIRCLE NO. 102 


data transfers and operates from 3.3 tc 
5.5 V. Packaged in a 64-pin VQFP, the 
IC costs $15 (1000). Sony Electronic: 
Inc, San Jose, CA. (408) 432-0190 
Circle No. 44! 


SHORTS 


The MAX662A improved 12V sup- 
ply for flash memories has a 185-pA 
quiescent current, a 1-~A shutdown 
current and delivers 30 mA from a | 
4.75V input without inductors. 
From $1.81 (10,000). Maxim Inte- 
grated Products, (408) 737-7600, 
ext 6087. Circle No. 446 


The AD600 and AD602 dual-chan- 
nel variable-gain amplifiers and the 
single-channel AD603 are now mil- 
itary-qualified. Duals start at $52.50 
(100), and the AD603 starts at $35 
(100). Analog Devices Inc, (617) 
937-1428. Circle No. 447 


The following ADCs and voltage ref- 
erences have received standard mil- 
itary drawing numbers: AD87- 
1SD/883B, AD871SE/883B, AD87- 
2SD/883B, AD872SE/883B, AD67- 
4BTE/883B, AD757SE05/883B, and 
AD780- SQ/883B. Analog Devices 
Inc, (617) 937-1428. 
Circle No. 448 


The ADC4322B 16-bit sampling 
ADC digitizes at 2M samples/sec, 
has no missing codes, and operates 
from —25 to +85°C. The hybrid costs 
$1194 (100). Analogic Corp, (508) 
977-3000. Circle No. 449 


Weitek Corp is lowering the price of 
its SPARC Power wP. The device, a 
CPU upgrade for SPARCstation 2 
and IPX workstations, now costs 
$1200 with an installation kit and 
$995 for additional devices, with 
discounts for 100-piece orders. 
Weitek CoP (408) 738-8400. 
Circle No. 450 


Analog Devices has introduced a 
number of improved second sources 
with competitive prices: the 
ADM202, 222, 232A, and 242 dual 
RS-232C transceivers; the ADG441, 
442, and 444 quad SPST switches; 
the ADG406, 407, and 426 16-chan- 
nel multiplexers; and the ADM663 
and 666 linear regulators. Analog 
Devices, ee) 937-1428. 
Circle No. 451 


| Mathematica § 


OTHER SYSTEMS 
CAN GET YOU ONLY SO FAR. 


a eee 


Engineers and scientists who start with 
other technical software 


support, you can always turn to one 
of the over 50 Mathematica-related 


If=I Mathematica for Windows ed Onl WBatF orm . . 
programs soon reacha [Fie Em Celok fet Syn s.29567 o.7007es 4.70226 6.01208 books, tutorials, and journals, or 
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ampl[{omegal_,di_] :=Abs[u2/.ans/.(f£0 3.10741" ~ 7.99612 | 9.91391 -3«3354 
m2->1000, k1->8000, k2->1000, om 4.88242 0.405261 0.747384 3 
d->d1}] Aer 


point they can’t get past. 
The project isn’t finished, 
but the software is. What 
can they do then but buy 
and learn yet another pro- 
gram for the next leg of the 
project, or return to pencil 
and paper to finish it out. 


call on one of our user support 
staff for personal assistance. 
So you see, Mathematica ts 
the complete system that 
never leaves you stranded. 


ag ep= Eigensystem[ model ]} 


Plot [ampl[omega, 100], {omega,0,10}]>; 
amplitude 


Ouae= 


{{19.4929, 7.09327, -3.39726, 0.226605}, 
{{-0.36671 -G.604669, -0.684854, -0. 
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To get the latest information call: 


1-800-441-MATH 


(U.S., Canada) 


Fortunately, many engi- 
neers and scientists start 
with Mathematica. And 
they just keep going. 


2 
damping 


frequency 


Mathematica helps them Only Mathematica fciopaels ann users to create interactive documents 
deal combining text, live formulas, and graphics that can be modified within the 
past the standard calcula- document at any time and easily organized into a hierarchical outline. 


tions, and on to the more 
complex. Thousands of algorithms are 


at their fingertips to help them solveall | makes it unprecedentedly easy to | Wolfram Research 
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symbolic programming language that | 


SRE ERS’ 


kinds of technical problems. Andnear- | translate ideas into programs—and 
ly ahundred special-purpose packages _ your possibilities are endless. 

are included free with Mathematica to 

take you even further. Add to thata | The award-winning guide that comes 
revolutionary user interface, graphical | with the program gets you started 
abilities beyond Somerset anda sesearae| and oe For even more 
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©1994 Wolfram Research, Inc. Mathematica is a sini trademark of Wolfram Research, Inc. Mathematica is not associated with Mathematica Policy Research, inc. or MathTech, Inc. All other product names mentioned are trademarks of their producers. Photo by Joe Sohm; courtesy of The Stock Market. 
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Wolfram Research, Inc. 
+1-217-398-0700; fax: +1-217-398-0747; email: info@wri.com 


For European inquiries: 

Wolfram Research Europe Ltd. 
+44-(0)1993-883400; fax: +44-(0)1993-883800 
email: info-euro@wri.com 


MOEA NT TT 


eset a in over 50 countries; contact main offices. 


nooeneonanereenoned SHC oor once enonneccatengeneaeoedonoedooesaansensnegoeseonoaaNNeasSNNaaORNIRSHERDHNNRINAIISNIIERINO DIINO ONAIRHRN IRENE 


Beye Aa FAAS SS ag i aL WA AI S47 RN YS a RS DE SRI mE ACA LY Ty gO” YRS TR 8 AU RE SRI SAE A IG wentianCE 


Multibus Il CPU and 1/O- 
controller board oper- 
ates at up to 100 MHz. The 
CP 486/CBx offers a choice 
of processors ranging from 
the 33-MHz 486DX to the 
100-MHz 486DX4. Memory 
modules let you populate the 
board with up to 32 Mbytes 
of DRAM. A CBX 16-bit 
memory-expansion inter- 
face lets you create I/O 
subsystems within a Multi- 
bus II system, using the 
company’s digital- and 
analog-I/O cards. The board 
also accepts iSBX modules. 
Prices start at $3552 for a 33- 
MHz 486 with 8 Mbytes of 
DRAM. Concurrent Tech- 
nologies Inc, Champaign, 
IL. (217) 356-7004. 

Circle No. 467 


VME-based FDDI adap- 
ters have OS-9 and 
Internet support pack- 
age. The PT-VME600 
adapter works with multi- 
mode optical fiber and 
provides reliable and secure 
data transmission between 
nodes.” ‘The PT-VME602 
node adapter for unshielded 
twisted-pair category 5 cable 
takes advantage of existing 
wiring and helps reduce the 
cost per node. The PT- 
VME60O starts at $4195, and 
the PT-VME602 starts at 
$3095. The OS-9 Internet 
support package is available 
on all of the company’s FDDI 
node adapters. Performance 
Computer, Rochester, NY. 
(716) 256-0200. 

Circle No. 468 


Emulator board converts 
the Motorola 68HCO- 
5P8EVS system for real- 
time in-circuit emula- 
tion. The EVSK1-ICE re- 
creates “the ““68HC705K1 
interrupt function and 64- 
bit personality EPROM 
subsystem in hardware for 
real-time emulation in target 
systems. The interrupt 
function provides external- 


level triggering or edge- 
triggering interrupt cap- 
ability on the IRQ and PAO- 
PA3 pins. $295. Wytec Co 
Inc, Bloomingdale, IL. (708) 
894-1440. Circle No. 469 


VMEbus board is 
compatible with the Sun 
SPARCstation 5. The CPU- 
SCE uses a microSPARC II 
processor and_ delivers 
performance comparable to 
that of the SPARCstation 10 
Model 40, according to the 
manufacturer. Onboard 
memory can range from 8 to 
64 Mbytes of DRAM. The 
board includes a full range of 
I/Os, including fast SCSI, 
Ethernet, floppy disk, 
parallel port, serial and 
keyboard/mouse port. Soft- 
ware for the processor 
includes Solaris 1.1 and 2.3. 
Wind River Systems’ 
VxWorks is available for 
users requiring a real-time 
operating system. Including 
16 Mbytes of memory, the 
6U VME board costs $4995. 
Force Computers Inc, San 
Jose, CA. (408) 369-6000. 

Circle No. 470 


communica- 


VMEbus 
tions controller pro- 
vides high-bandwidth 


serial communication 
channels. The SBCC-1 
communications-con- 
troller board provides four 
high-bandwidth and three 
low-bandwidth-serial- 
communication channels. 
The board includes support 
for eight communication 
protocols, including HDLC, 
LAPB, X.25, Ethernet, ISDN 
T1/E1, and X.21. The four 
serial communication 
channels operate autono- 
mously, allowing simul- 
taneous operation § of 
different protocols. If the 
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board’s performance be- 
comes processor-limited by 
the internal 68360 pro- 
cessor, you can add a 68040 
processor and obtain a 
fourfold increase in per- 
formance. $3495. Radstone 
Technology Corp, Mont- 
vale, NJ. (201) 391-2700. | 
Circle No. 471 


Development system for 
TMS320C5x DSPs pro- 
vides nonintrusive, full- 
speed emulation. The 
EDS320C5X expandable 
development system pro- 
vides access to all memory 
and internal DSP registers. 
The development system 
conneets’ to. ..a.'. PE's 
bidirectional printer port 
and obtains power either 
from the target system or 
from an external wall- 
mount supply. Based on a 
card-stacking design, the 
development system lets you 
add additional memory and 
other options by adding 
cards; The’ source-level 
debugger is compatible with 
Texas Instruments’ C 
compiler and assembler. 
$1499. Spectrum Digital 
Inc, Sugar Land, TX. (713) 
561-6952. 

Circle No. 472 


VME64 single-board com- 
puters feature micro- 
SPARC and microSPARC II 
processors. The micro- 
SPARC-based SPARC LXE/- 
PLUS is compatible with 
Sun’s SPARCclassic, and the 
microSPARC II-based SPARC 
5/64 is compatible with 
Sun’s SPARCstation 5. Both 
boards offer 8 to 96 Mbytes 
of DRAM. Software for the 
boards includes Solaris 1.1, 
2.3, and real-time operating 


systems such as VxWork 
5.1. Prices start at $5495 
Themis Computer, Plea 
santon, CA. (510) 734-0870 

Circle No. 47: 


Real-time multitaskinc 
kernel for R4000 Mip: 
processor. The Nucleu: 
PLUS kernel includes pipes. 
queues, and mail boxes fol 
intertask communications. 
The kernel provides count- 
ing semaphores, events, and 
signals for intertask synchro- 
nization. The kernel costs 
$7495, including source 
code and licensing for a sin- 
gle product line. There are 
no runtime royalties. Accel- 
erated Technology Inc, 
Mobile, AL. (205) 661-5770. 

Circle No. 474 


Family of VMEbus boards 
uses Analog Devices 
ADSP-21060 SHARC DSP. 
The 6U VMEbus boards 
contain one to eight DSPs 
and offer 120- to 960-Mflops 
performance. The IXZ8xxx 
four-processor board has 
three banks of global 
memory with a capacity of 
up to 256 Mbytes in each 
bank, two high-bandwidth 
I/O module connectors, 
eight link ports with 40- 
Mbyte/sec capacity. The 
IXZ8xxx costs less than 
$15,000. Ixthos Inc, Silver 
Spring, MD. (301) 572-6700. 

Circle No. 475 


Development system for 
TMS320C5x includes ywP 
support. The Slalom-50 
development system in- 
cludes two 57-MHz 
TMS320C51 DSPs, 64k 
words of program memory 
for each DSP, 64k words of 
data memory for each 
processor, 4kx16-bit dual- - 
port shared memory, and a 
source-code debugger. The 
development system is 
suitable for developing 
single- or dual-processor 
designs, shared-memory 
systems, time-division 
multiplex, and serial-port 
interprocessor communi- 
cation schemes. $3995. 


White Mountain DSP Inc, Nashua, 
NH. (603) 883-2430. Circle No. 476 


Mezzanine board for VMEbus 
transfers data at 200 Mbytes/sec. 
The AutoBahn Spanceiver kit lets you 
create systems with high sustained 
data-transfer rates. The starter kit costs 
$4990. PEP Modular Computers, 
Scottsdale, AZ. (602) 483-7100. 

Circle No. 477 


Multiband digital-receiver mod- 
ules for VME and Multibus Il. The 
modules accept 12-bit digitized data at 
sample rates’ as high .as. 70 
Msamples/sec. Two narrowband 
receivers and one wideband receiver 
perform frequency down-conversion, 
lowpass filtering, and decimation of the 
sampled output. The modules 
implement conventional radio-receiver 
functions with digital circuits, 


providing a front end suitable for digital 
signal-processing systems. Both the 
VMEbus Model 4272 and the Multibus 
II Model 4372 start at $8995. Pentek 
Inc, Norwood, NJ. (201) 767-7100. 
Circle No. 478 


Monolithic VMEbus backplanes 
offer automatic daisy-chain 
option. The monolithic backplanes 
improve the performance and 
reliability of VMEbus systems by using 
a common J1/J2 substrate for better 
impedance matching, instead of 
separate substrates. The backplanes 
meet all requirements of the VME 64 
standard. Prices range from $310 for a 
two-slot backplane to $950 for a 21-slot 

backplane. Dawn VME Products Inc, 

Fremont, CA. (510) 657-4444. 

Circle No. 479 


S-Bus board uses AT&T's floating- 
point DSP32C. The SB32C board is 
available with one or two processors. 
The single-processor version features 
25-Mflops peak performance and 


EMBEDDED SYSTEMS 


includes one stereo codec and 512 
kbytes of private SRAM. The dual- 
processor version features 50-Mflops 
peak performance and includes 512 
kbytes of private SRAM for each 
processor and four CD-quality audio 
input/output channels. The single- 
processor SB32C1 costs $1500, and the 
dual-processor SB32C2 costs $2500. 
Communication Automation & 
Control Inc, Allentown, PA. (610) 
776-6669. Circle No. 480 
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Acquire Your Data in Just Two Steps 
Create the applications you need— 
without programming! Visual 
Designer is a revolutionary, new soft- 


ware development tool. With it you'll save days, 
weeks, even months of development time. To create your 
application just select the appropriate function blocks, and then connect them 


Family of ruggedized commercial 
and military enclosures. Open- 
architecture chassis systems for VME, 
Multibus, Futurebus+, ISA, and EISA are 
available. Form factors include rack- 
mount, ATR, hard-point and mobile 
mountings for industrial, shipboard, 
aircraft, and ground mobile 
applications. AP Labs Inc, San Diego, 
CA. (619) 546-8626. Circle No. 481 


with your mouse. Test, measurement, control, streaming data to disk, spectrum 
analyzers, strip chart recorders, instrument panels—and much more. It’s that simple. 


Your Complete Solution $995! 


Buy Visual Designer and our new low-cost data acquisition board 


by Dec. 30, 1994 and save $455! You'll get Visual Designer, 
the PCI-20428W and a termination panel for just $995. Best 
— of all, the board comes complete with a lifetime warranty. 


Order Today! 
Call (800) 685-9911, Operator 619 


Fax: Attention 619, (602) 573-0522 
Mail: Intelligent Instrumentation 
Order Desk 619 
6550 S. Bay Colony Dr., MS130 


Tucson, AZ 85706 WINDOWS. 
COMPATIBLE 
q INTELLIGENT 
INSTRUMENTATION™ 
INTERNATIONAL OFFICES: | 5) 900 
France * Germany « Italy * Japan * United Kingdom A Burr-Brown Company . CERTIFIED 


~ Visual Designer™, Intelligent Instrumentation, Inc.; Windows®, Microsoft Corporation. 
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Design tool helps FPGA vendors 
test and refine new architectures. 
The Figaro Architect’s Workbench uses 
parameterized behavior models to test 
new architectures. According to the 
company, the tool can cut develop- 
ment time by as much as 50%. The tool 
lets FPGA vendors test architectures 
during the design stage against PREP 
benchmarks or actual customer 
applications. Architect’s Workbench 
starts at $250,000. Cadence Design 
Systems Inc, San Jose, CA. (408) 943- 
1234. Circle No. 394 


Simulator runs faster when using 
VITAL-compliant models. The V-Sys- 
tems VHDL simulator now runs two to 
eight times faster for designs using 
VITAL-compliant gate-level models or 


primitives. V-Systems costs $2495 for 
use on PCs under Windows and $9995 
for a floating workstation license. 
Model Technology Inc, Beaverton, 
OR. (503) 641-1340. Circle No. 395 


Graphical state-machine design 


tool offers animation for 
following state transitions. 
BetterState.. Pro V2.0. lets: :.you 


graphically design state machines and 
then automatically generates the state 
machine code in C, C++, Verilog, or 
VHDL. In addition to standard state- 
machine design techniques, the tool 
lets you use extended state diagrams 
with hierarchy and concurrence and 
multirate-firing Petri Net design-entry 
methods. During design, you can 
interactively view a series of state 
transitions graphically. After designing 
and simulating a state machine, you 
can use the tool’s animated playback 
capability to view state-transition 
sequences. The software also computes 
state-visitation statistics for analyzing 


‘Irimmers Anyone’... 


\SO 9007 
PEG. 08/190/9031' 


Consider our enclosed 10mm or 15mm 
carbon PT Series, or their cermet track 
counterparts, the PTC Series which 
offers 86 different adjustment and 
mounting combinations. And, Piher offers a large selection of shafts 
and thumb wheels to suit any requirements. 


Contact us for samples, quotations, product literature or more detailed 


information. As the most widely used trimmers in the U.S., you'll see 
how Piher beats the competition...hands down. 


PIHER 


INTERNATIONAL CORP. 


LY. MEGGITT 
ELECTRONICS 


Piher International Corp. has a trimmer 
to satisfy your needs, regardless of appli- 
cation. For example, our new 6 mm 
trimmers: the cost efficient N6 Series 
for automatic insertion use and the cer- 
met PJ6/PS6 Series for use where size is 
critical. 


903 Feehanville Drive | 

Mt. Prospect, IL 60056 | 
Telephone: 708/390-6680 
Toll-Free: 800/323-6693 
Facsimile: 708/390-9866 
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designs. BetterState Pro costs $495, 
including one code generator. 
Additional code generators for other 
languages are $99 each. R-Active, 
Cupertino, CA. (408) 252-2808. 

Circle No. 396 


Design-for-test software adds 
IDDQ, ATPG, and scan-test im- 
provements. FlexTest and FastScan 
have new algorithms for selecting a 
compact set of test vectors for IDDQ 
testing. New algorithms in DFTAdvisor 
help minimize area on partial-scan 
designs while providing higher test 
coverage. FastScan and FlexTest 
cost $92,400, and DFTAdvisor costs 
$20,000. Mentor Graphics, 
Wilsonville, OR. (503) 685-8000. 
Circle No. 397 


Tool links corporate component 
database with schematic capture. 
PROdatabook is a PC-based component 
data-entry and -verification tool that 
links schematic capture with compo- 
nent databases. The tool costs $1495 
for a single user and $14,995 for a site 
license. Viewlogic Systems Inc, 
Marlborough, MA. (508) 480-0881. 
Circle No. 398 


IC power-analysis tool lets you 
analyze power consumption early 
in the design cycle. DesignPower 
provides both probabilistic and 
simulated power-analysis tools. 
Probabilistic power analysis is useful for 
evaluating power consumption during 
early design stages. Simulated power 
analysis uses switching activity of 
primary inputs and internal nets from a 
logic simulator, providing more accurate 
results in the later stages of gate-level 
design. DesignPower costs $30,000. 
Synopsys Inc, Mountain View, CA. 
(415) 962-5000. Circle No. 399 


Windows-based pc-board-design 
tool adds on-line DRC and built-in 
autorouter. TangoPRO PCB version 2.5 
now Offers on-line design-rule checking 
(DRC) that helps you find and fix design 
problems while you design. The built-in 
QuickRoute maze router handles simple 
routing requirements. Editing features 
have also been improved in the new 
version. TangoPRO PCB costs $5950, 
and TangoPRO PCB Lite, a reduced- 
function version without on-line DRC, 
costs $1995. Accel Technologies Inc, 
San Diego, CA. (619) 554-1000. 
Circle No. 400 


Open-frame linear sup- 
plies sport toroidal trans- 
formers. A line of open- 
frame linear supplies have 
toroidal transformers. The 
transformers enable these 
supplies to have increased 
efficiency, lighter weight, 
lower temperature ruse, less 
creepage distance, and lower 
leakage current than sup- 
plies having conventional 
transformers. Outputs range 
from 5:.to Z28V -dc. $72.50 
(25), delivery six to eight 


weeks. International 
Power, Oxnard, CA. (805) 
981-1188. Circle No. 401 


High-density dc/dc con- 
verters in 100 to 300W 
power ranges. These 100 
to 300W converters accept 
inputs from 48 to 300V dc 
and provide a single output 
ranging from 1.2 to 15SV. 
HDL series converters deliver 
full output power with base- 
plate temperatures as high as 
85°C. HDK series converters 
are similar but have moni- 
toring and control functions 
referenced to either the pri- 
mary or the secondary. 
HDM series converters allow 
full output power at base- 
plate temperatures of 100°C. 
The converters measure 
4.6X2.4xX0.5 in. and have an 
MTBF of more than one mil- 
lion hours. From $137 for 
the HDK100 series to $299 
for the HDM300 (100). Dig- 
ital Power Corp, Fremont, 
CA. (510) 657-2635. 

Circle No. 402 


DC/DC converters avail- 
able in surface-mount 
package. The 1W HLO1 and 
2W HLO2 are available in 24- 
pin DIP and SMD packages. 
Up to 48 models of each type 
are available with input 
ranges from 5 to 24V dc and 
single or dual outputs from 5 
to 15V. All devices are rated 
for full power at 70°C with 
no external heatsink. OEM 
pricing: $5 for the HLO1; $6 


for the HLO2. Burr-Brown 
Power Convertibles Corp, 
Tucson, AZ. (602) 628- 8292. 

Circle No. 403 


Ruggedized dc/dc con- 
verters offer up to 200W 
output power. The LC810 
series converters use full mil- 
itary fixed-frequency design 
and construction and meet 
MIL-STD-810 environments. 
$700 in volume. EG&G 
Power Systems Inc, Covina, 
CA. (818) 967-9521. 

Circle No. 404 


40W triple-output supply 
has 5V at 5A. The MAP40- 
3500 supply also has 12V at 
1A and -12V at 0.5A. The 
3xX5xX1.6-in. supply pro- 
vides automatic ac input 
selection from 90 to 264V ac, 
onboard filtering that meets 
FCC and VDE Class B con- 
ducted-emission require- 
ments, a variety of safety 
agencies’ certification, and a 
two-year warranty. $49 
(100). Power-One _ Inc, 
Camarillo, CA. (805) 987- 
8741. Circle No. 405 


0.75W dc/dc converter is 
available in 14-pin DIP 
and surface-mount pack- 
ages. The HPR1xx unregu- 
lated converters accept 5S, 12, 
15, and 24V inputs and have 
single or dual outputs. The 
converters are rated for full 
power operation to 85°C 
without heatsinks. <$5 
(OEM qty). Burr-Brown 
Power Convertibles Corp, 
Tucson, AZ. (602) 628- 8292. 

Circle No. 406 


Triple-output linear pow- 
er supply designed for 
pc-board mounting. The 
Model 3.15.1000 low-noise 
linear power supply provides 


+15V at +100 mA and SV at 
1A. Typical output noise is 2 
mV rms. Line and load regu- 
lation is +0.2% maximum, 
and voltage accuracy is +1%. 
The supply is housed in a 
3.5X2.5X1.5-in. case and 
has an operating tempera- 
ture of —-25°C to +50°C. Stan- 
dard input is 115V ac, with 
other modules available for 
100, 220, 230, and 240V ac. 
$115.76 (100). Calex Mfg 
Co Inc, Concord, CA. (510) 
687-4411. 

Circle No. 407 


600W switcher has low 
profile. The series 126 
switching power supply 
measures 5X13.5X2.5 in. 
and accepts inputs from 90 
to 132 and 180 to 264V ac. 
Model 126-01 offers SV dc at 
100A, 12V dc at 20A, and 
-12V dc at 10A. Total supply 
output power is limited to 
600W with 50-cfm airflow. 
$435 (1000). Conversion 
Equipment Corp, Orange, 
CA. (714) 637-2970. 

Circle No. 408 


5W dc/dc converter oper- 
ates from -55°C to 
+125°C. Model 2578 con- 
verter is hermetically sealed 
in a 0.38X1.06X1.06-in. 
package. The converter oper- 
ates from 28V dc with MIL- 
STD-704 or MIL-STD-1275 
surge characteristics. Avail- 
able in single-, dual-, and 
triple-output configurations, 
the converters start at $350 
(10). Modular Devices Inc, 
Shirley, NY. (516) 345-3100. 

Circle No. 409 


Subminiature linear pow- 
er supply provides 5V dc at 
300 mA. The 1.75 X2.26X 1.0- 
in. model 21-30 provides a 
low-noise 5V output from 
115V ac input (optionally 
100, 220, 230, or 240V ac). The 
supply has current-limiting 
short-circuit protection, 
1000V-rms isolation, and a 
case-operating temperature of 
-25°C to +50°C. $67.20. Calex 
Mfg Co Inc, Concord, CA. 
(510) 687-4411. 

Circle No. 410 


4W dc/dc converter of- 
fers high isolation for 
medical applications. The 
HBO4 converter has 8000V 
isolation; 18 models are 
available with inputs rang- 
ing from 5 to 15V and single 
or dual outputs ranging from 
5 to 15V. The converter also 
offers low isolation-barrier 
capacitance, suiting the 
device for driving IGBTs in 
motor-drive applications. 
<$40. Burr-Brown Power 
Convertibles Corp, Tucson, 
AZ. (602) 628- 8292. 

Circle No. 411 


Compact dc/dc convert- 
ers provide bias supply 
voltage for LCD contrast. 
Packaged in SIPs, these con- 
verters accept either 4.5 to 
5.5V dc or 10 to 25V dc. HN 
and HW models offer out- 
puts of -22, -23, or -24V dc. 
The EPN series has an output 
adjustable from —14 to -24V 
dc, and the RD series’ output 
is adjustable from 24 to 40V 
dc. Power ratings range from 
0.5 to 1.8W. From $3.50 
(OEM qty). Xentek Inc, San 
Marcos, CA. (619) 471-4001. 

Circle No. 412 


20W desktop power sup- 
plies available with sin- 
gle, dual, and triple out- 
puts. Vulcan line switching 
power supplies are available 
in desktop versions measur- 
ing 3.9X2.513 ine This 
power-supply line has all 
major safety and EMI 
approvals, including med- 
ical. Outputs range from 3.3 
to 24V dc. From $25 (1000). 
LZR Electronics’ Inc, 
Gaithersburg, MD. (301) 
921-9440. Circle No. 413 
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16-bit, 100k-sample/sec 
ADC board costs $699. 
The 16-channel (eight differ- 
ential) CIO-DAS 1602/16 
samples twice as fast as 
boards with which it is com- 
patible. A 512-point FIFO 
buffer stores new data dur- 
ing DMA transfers, enabling 
seamless acquisition. Soft- 
ware-programmable gains 
provide 1.25, 2.5, 5, and 10V 
unipolar and bipolar ranges. 
The board also contains two 
12-bit DACs, three 16-bit 
counters, and 32 bits of digi- 
tal I/O. Computer Boards 
Inc, Mansfield, MA. (508) 
261-1123. Circle No. 452 


Windows-based tool set 
simplifies development 
of DSP applications. Win- 
Spox speeds the develop- 
ment of Windows 3.1-based 
instrumentation, data- 
acquisition, and signal- 
analysis applications by 
allowing Windows software 
to start, stop, and communi- 
cate with DSP-resident tasks. 
Communication occurs via 
messages and streaming 
data. The tool set, which is 
based on the Windows 
Resource Manager Interface 
(RMI), is indifferent to the 
type of DSP chip used 
(although the DSP must run 
the vendor’s Spox V2.0 DSP 
OS) and to whether the DSP 
resides on the PC’s system 
board or on an I/O card. 
$3000. Spectron Microsys- 
tems Inc, Santa Barbara, CA. 
(805) 968-5100. 

Circle No. 453 


PLD ATPG software gen- 
erates race-free vectors 
in minutes. FS-ATG V3.0 
software uses a full circuit 
simulator to analyze PLDs’ 
internal logic. Starting from 
the simulation, the package 
develops race-free vectors 
within minutes. By using 
menus, you can set the 
degree of fault coverage you 
desire, specify the maxi- 


mum permissible runtime, 
and define the information 
you want presented in testa- 
bility reports. The package 
produces vector definitions 
in JEDEC format. An option- 
al translator converts these 
into formats suited to pro- 
grammers, component test- 
ers, and in-circuit ATE. From 
$1900. Flynn Systems 
Corp, Nashua, NH. (603) 
891-1111. Circle No. 454 


Stand-alone IC program- 
mer handles gangs, sets, 
and sets of sets up to 64 
bits wide. Model 2000 
takes no more time to pro- 
gram 16 devices than it takes 
to program one. It accepts 
8-, 16-, 32-, and 64-bit data 
and works with devices hav- 
ing as many as 94 pins pack- 
aged in PLCCs, QFPs, TSOPs, 
DIPs, SOICs, and others. The 
unit programs, verifies, and 


- sum-checks 1-Mbit EPROMs 


in 18 sec; 2-Mbit parts take 
34 sec. $1995; socket mod- 
ules, $995. Bytek Corp, 
Boca Raton, FL. (407) 994- 
8520: Circle No. 455 


Multiproduct calibrator 
eases ISO 9000 registra- 
tion. The S5500A calibrates 
digital and analog multime- 
ters, digital and analog 
scopes (to 200 MHz), ther- 
mometers, power meters, 
harmonic analyzers, process 
calibrators, data loggers, cur- 
rent transducers, and chart 
recorders. The unit provides 
dc and ac voltages to 1 kV, dc 
and ac current to 11A, resis- 
tance from a short circuit to 
330 MQ, frequencies from 2 
Hz to 2 MHz with multiple 
waveforms, and capacitance 
from 330 pF to >1 pF. It also 
simulates thermocouples 
and RTDs from -250 to 
+2310°C and dc and ac 
power to 11 kW. All capabil- 
ities reside in a 7-in.-high 
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rack-mountable unit that 
operates by itself or with a 
PC. $9995; scope-calibration 
option, $6500; software, 
$2500. Fluke Corp, Everett, 
WA. (800) 443-5853. 

Circle No. 456 


Graphical instrument- 
control software works 
with Radisys embedded 
VXI controller. HP VEE for 
Windows, a programming 
system in which you write 
programs by interconnect- 
ing icons, now runs on 
Radisys Corp’s  EPC-7 
embedded VXIbus_ con- 
troller. Until Nov 30, the 
controller’ with VEE for Win- 
dows factory-installed on 
the hard drive costs $8735— 
$750 less than the regular 
price. Also until Nov 30, 
either HP VEE for Windows 
or Data Translation Inc’s DT 
VEE for Windows (a version 
of VEE that supports Data 
Translation’s data-acquisi- 
tion boards) cost $998, 50% 
less than the regular prices. 
Hewlett-Packard Co, Santa 
Clara, CA. (800) 452-4844. 
Circle No. 457 


Diagnostic tool for RS- 
232C or CCITT V.24 data 
interface. The Model 700 
EIA RS-232C interface ana- 
lyzer helps diagnose com- 
munication-interface prob- 
lems on modems, multi- 
plexers, terminals, and com- 
puters. The unit connects 
between data-terminal 
equipment and data-com- 
munications equipment to 
provide access and monitor- 
ing of all data, timing, and 
control signals. $195. Elec- 
tro Standards Laboratory 
Inc, Cranston, RI. (401) 943- 
1164. Circle No. 458 


Data-logging add-on 
software for LabView 3.0 
provides historical trend- 
ing. Fast HIST suits data log- 
ging at up to 10 samples/sec. 
Fast HIST and Standard HIST 
are bundled together in HIST 
3. $250. Gary Johnson, Liv- 
ermore, CA. (510) 606-1335. 

Circle No. 459 


FFT library suits DSP an 
spectral-analysis-devel 
opment applications 
Prime Factor FFT Librar) 
provides routines written it 
assembly language for fas 
execution that are callabl 
from any language. The soft 
ware computes forward anc 
inverse FFTs of signals 
allowing frequency-domair 
analysis of signals recordec 
in the time domain. Win. 
dows version, $395; DOS 
version, $295. Alligato1 
Technologies, Costa Mesa, 
CA. (714) 850-9984. 

Circle No. 460 


ISA bus board digitizes 
waveforms to 12-bit res- 
olution at 60 Msam- 
ples/sec. The DA60 board 
digitizes a single channel at 
up to 60M samples/sec or 
two channels at up to 30M 
samples/sec simultaneously. 
Each channel has 256k 
words of memory, or you can 
use the full 512k words when 
recording a single channel. 
Digital attenuators provide a 
full-scale input-voltage 
range of 100 mV p-p to SV p- 
p with an input impedance 
of 50Q. The board includes a 
library of C functions for 
developing custom applica- 
tions. $4900. Signatec Inc, 
Corona, CA. (909) 734-3001. 

Circle No. 461 


DSO has sourcing and 


measuring capability 
that lets you configure 
system for ATE applica- 
tions. The System 8100 
Series digital storage oscillo- . 
scope (DSO) has a variety of 
plug-in modules that let you 
configure the system for self- 
contained mixed-signal test- 
and-measurement applica- 
tions. The basic DSO has a 
100-MHz bandwidth, 100M 
sample/sec digitizing rate, 
and 100-psec timing resolu- 
tion. The system captures 


multiple channels of digital and analog 
waveforms simultaneously, depending 
on the plug-ins used. A built-in 3.5-in. 
floppy-disk drive stores waveforms. The 
DSO will be available in the fourth 
quarter. $3500. Mint Systems Corp, 
Milpitas, CA. (408) 262-7171. 

Circle No. 462 


E-beam prober for advanced ICs 
offers 20x speed improvement. 
The IDS 10000 acquires detailed wave- 
form information on advanced chips in 
less than 1 minute. The speed improve- 
ment results from using a thermal-field- 
emission column. Other prober fea- 
tures are a 5-mV-rms noise speci- 
fication and the ability to measure ac 
waveforms down to 50 mV. The prober 
costs more than $1 million. Schlum- 
berger Technologies, ATE Division, 
San Jose, CA. (408) 453-0123. 

Circle No. 463 


ISA bus and VESA local-bus exten- 
der operate at 50 MHz. The 
FVL/ISAext-S extender brings all 90 
VESA local-bus lines and all 88 ISA bus 
lines to logically ordered rows of push- 
on test posts, which connect to any 
logic analyzer or any board mounted 
on the extender. The logical ordering of 
signals simplifies test-point connec- 
tions instead of the confusing physical 
ordering of conventional extenders. 
The board also has test jacks that out- 
put a voltage proportional to the cur- 
rent drawn by the board under test. 
$249. Ultraview Corp, Fremont, CA. 
(S10) 657-9501. Circle No. 464 


Four-channel PC-based logic ana- 
lyzer uses National Instruments 
data-acquisition board. The DBA 
PC-based spectrum analyzer software 
runs under DOS or Windows and uses 
the AT-A2150 data-acquisition board. 
The spectrum analyzer performs single 
and double integration, power-spec- 
trum analysis, FFTs, and windowing 
using Hamming, Blackman, Kaiser, tri- 
angular, rectangular, and Hanning 
windows. Software, $1195 for DOS sys- 
tems; $1495 for Windows systems. A 
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turnkey portable-PC-based system 
costs $5837. Carman Enterprises, 
Loveland, OH. (513) 677-5363. 

Circle No. 465 


Data-acquisition and -analysis 
software suits real-time applica- 
tions. Viewdac 2.2 works with the 
company’s instruments and IEEE-488 
and RS-232C instruments. Enhance- 
ments available in the new version 


Our Performance 
...Ls Matchless! 


include a call task that works similarly 
to a macro or subroutine, letting you 
use the same instructions more than 
once in the same application. An array- 
display task reduces the coding needed 
to create displays of numeric-value 
arrays. Added dialog boxes help you 
create the control lists for controlling 
task execution. Application Develop- 
ment Package, $1995; runtime license, 
$400. Keithley Metrabyte, Taunton, 
MA. (508) 880-3000. Circle No. 466 


See our booth at 
WESCON, Sept. 27-29 & 
NORTHCON, Oct. 11-13 


Ecliptek Introduces the ECCM2 2.5 MM 
Ceramic SMT Crystal for PCMCIA 


_¢ Designed For All PCMCIA Applications 
¢ Common Chipset Specifications In Stock 
¢ Frequency Range From 3.500MHz to 70.000MHz 
¢ Tape And Reel Standard For Automatic Insertion 


Crystals « Clock Oscillators ¢ Inductors 


To Access All Ecliptek Current Data Sheets, 
& Our Fax-On-Demand System 


1-800-ECLIPTEK 


ECLIPTEK 


i “YOO 


Fax: (714) 433-1234 


RATION, 3545 Cadillac Ave. * Costa Mesa, CA 92626 
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These units have gull wing construc- 
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used for self-saturating or linear 
switching applications. The Induc- 
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 


© Operation over ambient 
__ temperature range from 
_ -—§5°C to +105°C 
_® All units are magnetically 
shielded 
® All units exceed the require - 
ments of MIL-T-27 (+ 130°C) 
© Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 
® Transformers can be used for 
self-saturating or linear 
switching applications 
® Schematics and parts list 
_ provided with transformers 
e Inductors to 20mH with DC 
currents to 23 amps 
© Inductors have split windings 


See EEM 
or send direct 
for Free PICO Catalog. 
Call toll free SOO-431-106 

in NY call 914-699-5514 

FAX 914-699-5565 
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453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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Color X terminals break $1000 bar- 
rier. The ECX breaks the $1000 price 
barrier for a color X terminal system. 
The base electronics cost $845 for an 
entry-level system; adding a low-cost 
color PC monitor results in a total cost 
of <$1000. The ECX is a MC68020- 
based unit that you can combine with 
any SVGA VESA-conformant multisync 
monitor. Network Computing 


Devices Inc, Mountain View, CA. (415) 
694-0650. 


Circle No. 380 


AT-compatible workstations offer 
Pentium performance. The Series 
400 industrial, AT-compatible worksta- 
tions provide Pentium performance 
and a choice of flat-panel displays. The 
rugged systems suit industrial-opera- 
tor-interface, monitoring, and control 
applications that have severe space con- 
straints or high EMI. The workstations 
come with a 486SX/33, DX/33, or 
DX2/66 processor; the CPU board can 
also accept a 486DX4/100 or Pentium 
P24T. Display choices include a 10.4- 
in., high-brightness, monochrome, 
electroluminescent display or a color 
TFT LCD. From $5000. Nematron 
Corp, Ann Arbor, MI. (313) 994-0591. 

Circle No. 381 


486-based computer works on pas- 
sive backplane. The CAT1015 single- 
board computer for passive backplanes 
has processor options that include a 
100-MHz 80486 DX4 in a full-size, AT 
expansion-card form factor. Page-mode 
DRAM with 8 kbytes (16 kbytes for 
80486 DX4) of internal cache provides 
zero-wait-state performance. Up to 64 
Mbytes of onboard system memory are 
available, accepting 256-kbyte, 1- 
Mbyte, or 4-Mbytex36-bit SIMMs. 
$2045 without RAM. Diversified Tech- 
nology, Jackson, MS. (601) 856-4121. 
Circle No. 382 


Removable drive has 4.2-Gbyte 
capacity. The Mercury 4.2-Gbyte 
Superfast Drive (R4-420XS-ME) uses 
fast SCSI-2 interface for data transfers as 
fast as 10 Mbps. The drive’s fully sealed, 
static-protected enclosure provides iso- 
lastic shock absorption. With a 7200- 
rpm spindle speed, the drive has an 
average seek time of <8 msec. Addition- 
ally, the drive uses an internal 1-Mbyte 
cache and contains support for fault tol- 
erance, RAID (redundant array of inex- 
pensive disks), and network environ- 
ments. $3999. Mega Drive Systems 
Inc, Beverly Hills, CA. (310) 247-0006. 

Circle No. 383 


Minicartridge backup drive has 
680-Mbyte capacity. The Tape510 
Y4-in. Cartridge (QIC)-tape backup 
drives store 255 Mbytes using standard 
tape cartridges (S10 Mbytes with com- 
pression) or, with extended-length 
cartridges, 340 Mbytes (680 Mbytes 
with compression). The drive is based 
on the QIC 3010 minicartridge stan- 
dard and reads QIC-40 and -80 and 
Irwin-formatted tapes. The $399 
TapeS10 Internal plugs into a floppy- 
disk controller. The $599 Tape5 10 par- 
allel port uses an IEEE 1284 parallel 
port. [Omega Corp, Roy, UT. (801) 
778-1000. Circle No. 384 


PCMCIA fax/modem card operates 
at 28.8 kbps. The ST288VFC V.FAST- 
compatible PCMCIA fax/modem card 
operates at 28.8 kbps for data and 14.4 
kbps for fax. With V.42bis data com- 
pression, throughput is equivalent to 
115.2 kbps. An ultra-low-power sleep 
mode extends battery life in mobile 
applications. The cards comply with 
V.42 and V.42bis CCITT standards. 
Phone-line circuitry is built into the 
card, which comes with a telephone 
cable. $499. Smart Modular Tech- 
nologies, Fremont, CA. (510) 623- 
e231. Circle No. 385 


PCMCIA SCSI card features plug- 
and-play and hot-swapping. The 
16-bit RT7000 PCMCIA SCSI card is 
compatible with most SCSI peripherals 
and operates in any PCMCIA I type II 
or III slot. Plug-and-play capability and 
autoconfiguration make the card easy 
to install, according to the vendor. The 
card includes peripheral support for 
SCSI devices and comes with a 33-pin 
PCMCIA to 50-pin high-density SCSI-2 
cable. $220. Rancho Technology Inc, 
Rancho Cucamonga, CA. (909) 987- 
3966. Circle No. 386 


DSP card has CD-quality 
audio. The Ambassador 
DSP-based audio card adds 
CD-quality audio to the 
Spectrum Envoy line of tele- 
phony board products. 
Based on IBM’s MDS2780 
chip, the card has 16-bit 
stereo sound, CD-ROM inter- 
face, Sound Blaster compati- 
bility, and plug-and-play 
installation. $100 (OEM). 
Spectrum Signal Process- 
ing Inc, Burnaby, BC, Cana- 
da. (604) 421-5422. 

Circle No.387 


Quadruple-speed CD-ROM 
recorder makes CDs in 15 
minutes. The CDR4x CD- 
ROM recorder is a half-height 
SCSI unit that installs either 
inside or outside computer 
systems. PC and Macintosh 
configurations cost $5995 
and include DiscMaker pre- 
mastering and mastering soft- 
ware. Unix configurations 
cost $7495. DataDisc Inc, 
Gainesville, VA. (703) 347- 
2111. Circle No. 388 


Adapter lets you run a 
Type Ill PCMCIA device in 
a Type I or Il slot. All PCM- 
CIA card devices that con- 
form to the Type III specifica- 
tion, such as hard drives and 
global positioning systems, 
may be used with the adapter. 
$49. Greystone Peripherals 
Inc, Los Gatos, CA. (408) 866- 
4739. Circle No. 389 


Flash memory cards of- 
fer execute-in-place sys- 
tem operation. The 2- to 
10-Mbyte PCMCIA memory 
cards from Hitachi provide 
execute-in-place (XIP), an 
application program stored 
in the flash card that is exe- 
cuted directly from the card 
instead of being loaded into 
RAM. According to the com- 


COMPUTERS & PERIPHERALS 


pany, this approach pro- 
duces a smaller, faster, and 
more rugged system that 
operates longer on batteries. 
The 250-nsec, 2-Mbyte 
HB286116C-25 costs $230 
(S00). Hitachi America Ltd, 
Semiconductor & IC Divi- 
sion, Brisbane, CA. (800) 
285-1601, ext 16. 

Circle No. 390 


PCMCIA interface is avail- 
able for the Sun SPARC- 
station. The S-Bus card 
accepts up to two Type II 
PCMCIA cards or one Type III 
PCMCIA card. $295. Sun 
Microsystems Computer 
Corp, Mountain View, CA. 
(800) 821- 4643. 

Circle No. 391 


PCMCIA-compliant card 
bay for PClI-local bus- 
based desktop comput- 
ers. CardBay-PCl is an inter- 
nal PC-card bay that allows 
PCI-based desktop computers 
to add up to four sockets for 
PCMCIA 2.0+ Type I, II, and 
III cards. The card bay may be 
used with a variety of PCM- 
CIA cards, including SRAM, 
flash, I/O, hard-disk drive, 
and communications. The 
unit includes an onboard 
speaker for fax/modem appli- 
cations and is designed for 
use with DOS 3.3 or Windows 
3.0 or above operating sys- 
tems. $105 (100). Cardwell 
International Corp, Folsom, 
CA. (916) 985-1880. 

Circle No. 392 


Keyboards may be pro- 
grammed to make any 
key a macro key. The Maxi 
Pro-II is a 124-key keyboard 
that lets you remap any key 
or use keys as macro keys to 
perform multikey functions. 
A utility included with the 
keyboard lets you display an 
image of the keyboard di- 
rectly on the computer 
screen. The utility highlights 
any keys that have been 
remapped or are macros and 
shows their functions. $40 
(100). Maxi Switch Inc, 
Tucson, AZ. (602) 294-5450. 

Circle No. 393 


The next 12-bit ADC 


standard drives speed /power 


performance to new heights. 
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THE CS5032 DELIVERS 
500kHz FOR ONLY 55mW 


Sample Rate (kHz) 
“Datasheet specifications for -55°C /125°C 
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Company 


Company Page Circle 


AMP see 47 Crystal Semiconductor 117 
Advanced Micro Devices Inc 22-23 Cypress Semiconductor C4 
Advin Systems 2 be! + Z30 Datel Inc 59 
American Precision Digi-Key Corp 1 
Industries S14 ESL Inc 97 
Analog Devices Inc S8-9 Eagle-Picher Industries Inc 118 
99-102 Ecliptek Corp its 
Analogic Corp 68 9 Elanix Inc 108 
Belden Wire & Cable Co C2 48 Electro Automatic Corp 18 A-F 
Burr-Brown Corp 57 26-30 Electronic Designs Inc 19 
CEIBO RAY ee Epson America Inc 104 
Cermetek Microelectronics 121... 247 Fluke Corp 15 
Coilcraft $23 GE Rental/Lease 65 
Compunetics Inc 34 49 Harris Semiconductor 29 
Condor D.C. Power Supplies 55 64 Hewlett-Packard 33 


NoOnels in 
Detter Snape 
To up Your 
thium Batteries 
Than Were 


Fi more information on how we can fit your 


circuitboard space, no matter how limted 
call Eagle Picher now 


EAGLE|=>PICHER 


COMMERCIAL PRODUCTS DEPARTMENT 


PO Box 180: Seneca, MO 64865: PH 47-76-2056: FAK 47-776-2¢5/ 
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Company Page Circl 


IO Tech 81-82 5 
ITT Pomona Electronics 119° *: 239 
Incredible Technology 119) S234 
Information Handling 

Services 124 38 
Innovative Software Design 

Inc 121.286 
Instrument Repair Lab 121 248 


Integrated Device Technology S21 


Intelligent Instrumentation 35-46 190- 
200 
Tt 77 
120: SeZae 
International Rectifier C3 78 
Linear Technology Corp 70 79 
71-72 
Link Instruments 120°: 253 
Maxim Integrated Products 
Inc 77 80 
79 81 
Metalink Corp js base fy 7! 
Micro Crystal, Div. of ETASA 34 82 
MicroSim Corp 13 os S0- 
152 
Mini-Circuits 3 83 
75 84 
Mitsubishi Electronics America 
Inc S*C4 
Murata Electronics 10 87 
NCI 1205 2):22358 
NCR Corp 20 88 
National Instruments SZ 
48-49 204- 
205 
National Semiconductor 50-51 
Nohau Corp FS Cee 
Philips Semiconductor 57 
17 
31 
103 
Pico Electronics 62 89 
116 89 
Piher International +12 91 


Power Trends 69 39 
Safe Soft Systems 121 
Samsung Semiconductor Inc 84-85 92 


86-87 93 
Sierra Circuits 119. «244 
Siliconix 2 
Stanford Research Systems 88 103 
Tech Tools 121 242 
Tektronix Inc 67 94 
Texas Instruments 6-7 95 
Tribal Microsystems 119; 243 
Unitrode Integrated Circuits $13 
57 46 
Vicor Corp $19 
61-. 405 
83 106 
Viewlogic Systems de 96 
Wavetek 47 97 
Wintek Corp 12h) 244 
Wintriss Engineering 121° 245 
Wolfram Research Inc 109 =—-107 
Z-Communications S*G3 
Zworld Engineering 119 246 
Recruitment Advertising 122-123 


This index is provided as an additional service. The 
publisher does not assume any liability for errors or 
omissions. 


Best Value in the World 


for 


POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 
| uayers | 1 | 2 | 384 | 586 | 738 | 
| 60| 311 | 369 | 9853 | 1049 | 1137 | 
| 90| 358 | 448 | 980] 1207 | 1434 | 
WM 5 PIECESx 1.34 MH 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 MH ULLISTED 
EXTRAS CAPABILITIES 


DISCOUNTS 
Bi Photo Plottin @ Buried & Blind Vias = 

; = @ Polyimide Multilayer a 
@ Testing @ Full Body Gold 5% 
@ Gold Contacts - $50 @ Carbon Paste ° 


a : @ Tin nickel burn-in boards 
Mi 25% - Below8 Ma Hole  SMT-SMOBC B COD 
- Below 15 MilHole Up to 22 layers 1 0% 
@ SMOBC & LPI - $50 @ Impedance control boards 
FOR MORE INFORMATION CALL OR FAX 
Ken Bahl @ 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 
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The Most Flexible 
EPROM Emulator 
You Can Get Today 

* Accepts Intel Hex, 


Motorola S-Record and 
Binary files. 


* Emulates up to eight 
4-Megabit EPROMS through 
one standard serial port. 


© Software available for IBM 


* Downloads 2-Megabit 
PC and compatibles. 


programs in less than 23 
seconds 

¢ Base 27256 EPROM 
System $395.00. Other 
configurations available. 


* Examine and modify 
individual bytes or blocks. 


a ' 
S i : 3 
4 Incredible Technologies, Inc 


Visa, Mastercard and American Express Accepted 


Order Now - It’s Easy 
Call (708)870-7027 Or Fax (708)870-0120 
For More Information 


CIRCLE NO. 231 


This advertising is for new and current products. 


See EEM 
93/94 Pgs. 
D1304-1309 


@ Rental and 10-day trials available. 

= Full Source-level Debugger with complete 
C-variable support. 

® Supports virtually all members of the 8051, 
800196, 68HC11, 68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 
eprom CA 95008 


Call 408-378-2912 
n OHa 08) 378-7869 


51 E. Campbell Ave. Sanhare D4 hour 
CORPORATION ny EL (408 866-1820 receive info via your FAX 


information center to 


CIRCLE NO. 239 


Pesto PROGRAMMERS 


FLEX-700 


4 pinfrom $945 
Opin from $845 
# Seang from $845 
TUP-400 $645 
TUP-300 $495 


Appreciated by over 70.000 users worldwide 


@ Supports Altera 7xxx, MACH 435, Xilinx, 
Intel FX7xxx, nearly all FPGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

@ Test TTL 74/40/45 series, DRAM(SIP/SIMM), 
and SRAM. EPROM EMULATION option. 

@ Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


Tribal Microsystems Inc. 
44388 S. GRIMMER BLVD., FREMONT,CA 94538 


Tel: (510) 623-8859 
Fax: (510) 623-9925 


CIRCLE NO. 243 


To a in Product Mart, call Joanne Dorian, 212-463-6415 


Please circle Reader Service number 
for additional information from manufacturers. 


ITT Pomona Test Clip Series 
For 240-pin MC68360 Microprocessors 


ITT Pomona has announced the new model 5968 Test Clip 
designed to access all pins of Motorola’s latest 68360, 240- 
pin microprocessor. For use with TI’s DSP chip, the Model 
5978 also includes a 240-pin test clip with PGA top-side 
interface. For user interface options, two additional models, 
5891 and 5891-2. provide a PCB interface with high density 
cable headers. For technical assistance, specifications and 
model pricing and delivery, call (909) 469-2912. 


ITT POMONA ELECTRONICS 
1500 E. Ninth St., Pomona, CA 91766-3835 
Phone (909) 469-2900 FAX (909) 629-3317 


CIRCLE NO. 235 


Our new Z104™, 

a low-cost, general- 
purpose controller, 
can be the heart of 
your next project. 
Quickly develop 
C-language programs 
using our integrated 
NB CRaCtL@ development system. 


RS485/RS232 


PC/104 Bus 
Power Supply 


Parallel 1/0 
Printer Port 


Call for details! 
916-757-3737 or 
FAX 916-753-5141. 
24-Hour AutoFAx: 
Call 916-753-0618 
from your FAX. Ask 
for catalog 18. 
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A Complete Line of Development 
Boards, Programmers and 
In-Circuit Emulators 


DS-186 — In-Circuit Emulator for 
80C186/8/XL/EA/EB/EC, V40/50 
8086/8 and other uCs 


*** NEW ADDRESS IN THE USA*** 


Call today for your 
free demo and 
software update 


Toll Free: 1-800-833-4084 


7 EDGESTONE'CT. 


FLORISSANT, MO 63033 


TEL: 314-830-4084 
FAX: 314-830-4083 


Complete System $1695.00 


New Windows 3.1 Compatible Software 


e48 Chnnis @ 50 MHzx 4K words deep 

© 16 Trigger Words/16Level Trigger Sequence 

e Storage and recall of traces/setups to disk 
eDisassemblers available for: 68000,8088,8086, 

6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031, 64180 


NCI Gs 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 


LOW-COST 
DATA ACQUISITION BOARDS 


PCI-20428W. Because Your 
Customers Expect More for Less. 


OEM Pricing: from $249 (100’s) 
16SE/8Diff Analog Inputs, 100kHz (DMA) 
Gains (1), (1, 2, 4, 8) or (1, 10, 100) 

2 Analog Outputs, 100kHz (DMA optional) 
1 Counter/Timer; 2 Rate Generators 

8 Digital Inputs, 8 Digital Outputs 


(800) 685-9911 INTELLIGENT 
Fax: (602) 573-0522 INSTRUMENTATION™ 


6550 S. Bay Colony Dr., MS130 © Tucson, AZ 85706 


200MSa/s 
Digital Oscilloscope 


200 MSa/s Sampling Rate 

up to 128K Samples/Channel 
PC-BASED INSTRUMENT 

2 Analog Channels (2 ch. Oscilloscope) 
8 Digital Channels (8 ch. Logic Analyzer) 


All 10 channels can be used at same time 


Simultaneous use of all 10 channels 
Cross Triggering of Digital and Analog 
125 MHz Single Shot Bandwidth 


$1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 


400 MHz 
Logic Analyzer 


up to 128 Channels 

up to 400 MHz 

up to 16K Samples/Channel 
Variable Threshold 

8 External Clocks 

16 Level Triggering 

Pattern Generator (Option) 


$1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 
$1899 - LA32400 (400 MHz, 32 Ch) included 

Also Available: 
$799 - LA12100 (100 MHz, 24 Ch, TTL only) 


Universal 
Programmer 


PAL - GAL - MICRO 
EPROM - EEPROM - FLASH 


$475 
Call for full device support list 


Free software updates on BBS 


Call (201) 808-8990 
y Link Instruments 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 


Looking for 
BIG 
results? 


in the 
crowd? 


Find out how you 
can break through 
the clutter to get big 
results for a small 
price, by placing a 
4-color ad in 
EDN Product Mart. 
Call Joanne Dorian 
at (212) 463-6415 
for details. 


This DSP System will 
help get your new 
product to market fast. 


Blazing-fast, PC-based Turbo 
C30-II Real-Time DSP Development 
Board gives you the tools (like TI 
TMS320C30 32-bit DSP; up to 2MB 
Dual Access, 0 wait state memory; 
4.2MB/sec data transfer; TI & Tartan 
C/C++ software; and more)—and 
industry-leading engineering 
services provide 
support—tfor 
quick product 

* design. 


Turbo C30-II “ae 
& Prototyping Boards 
Call 
800-550-7302 
for details. 


WINTRISS 
ENGINEERING 
CORPORATION 


CIRCLE NO. 245 


REMOVE 
HARDWARE LOCKS 


PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 

Software utility that allows for 
the removal of hardware locks. 


Available for most major 
CAD/CAM and PCB 
software programs 


Easy - Simple - Guaranteed 
Programs start at $99.00 U.S. 


Visa and Mastercard Welcome 
Call or Fax for more Information 
SafeSoft Systems Inc. 
201-1111 Munroe Ave. 
Winnipeg, Mb. R2K 3Z5 
Canada 


Phone (204) 669-4639 
FAX (204) 668-3566 


CIRCLENO.240,__ 


Memory EMULATORS 


Now with 


2s 
.s°o.4 


>90 day WARRANTY. 
>10 day MONEY-BACK GUARANTEE. 
>Supports Read and WRITE access by TARGET. 
>Download and VERIFY from HOST: 

>View/Edit SRAM contents while target is running. 
>Full screen ASCII/HEX editor included. 

>Libraries provide high level access to emulator. 
>Daisy-chain up to 4 units for multi-EPROM targets. 
>Field upgradable to 4Mbit (27040) emulation. 
>Battery back-up, PLCC and 16bit adapters ava 


Tech Tools 
(214) 272-9392 
FAX: 494-5814 


To adver tise in Product Mart, call Joanne Dorian, 21 2-463-6415 


PILOT-U84 Universal Programmer 


Altera 7064,7128.7160.7192 in 84-. 


Atmel 29C040, ATF22V10e 
Lattice pLSI-1000,2000.-3000. Microchip PIC micros 
All packages to 256-pin: PLCC.PGA.QFP.TQFP.TSOP.SOIC 
800-627-2456 FAX:(408) 736-2503, Sunnyvale, CA. 
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=== iICCEMASTER 


In-Circuit 
Emulators 
From $851 


| @ Easy to learn & use 


user configurable 


® Real-time and non- 
intrusive 


® Source level debug 


m Support for structures, arrays, unions and pointers 

m Trace buffer with advanced searching capabilities. 

m Fast serial (RS-232) link to any PC, even laptops. 

m Broad support of derivative devices /interchangeable probe cards 
= Rental and 10-day trials available. 
® Call today for free demo disk 


(800) 638-2423 


Ab Session MetaLink Europe GmbH 
Phone: (602) 926-0797 Teleton: (08091) 2046 
Fax (602) 926-1198 


TeleFax (08091) 2386 


‘CH1817L_ 


¢ FCC Part 68 and DOC 
Approvable 

¢ Compatible with all 
modem & Fax chip 
sets. including V.32 


e Low Power 

¢ AC Noise Filter 

¢ Caller |.D. Option 
e0.3"H x 1.0" x 1.0 
e UL 1459 Approved 


Your Source for Modem Components 


Cermetek Microelectronics, inc. 
1308 Borregas Ave. * Sunnyvale, CA 94089 


CIRCLE NO. 247 


| Al YOUR BUDGET 


ST 


USED, REFURBISHED, 

CALIBRATED EQUIPMENT. 
All Equipment is 

Guaranteed to Meet 


#1 in New Device Support & Expandability 
100- and 160-pin packages 
Xilinx 1765D,17128 ete Intel FLEX. 87C196 KC.KD.JR.MC etc. 
Moto 68HC711, 68HC705. WSI PSD-3XX.-4XX.-SXX,PAC.SAM 
tc. AMD MACH435. 29F040, etc 


S051 GBH COPE 6SHCOS 


& Windowed interface-- 


Tel: 408-752-5000 
Fax: 408-752-5004 


Manufacturers Specs. 


Popular Models of Scopes, Analyzers, 
Meters, Power Supplies and More... 


R 


Relex Reliability Software, long known for its power and 
flexibility, is now available for Windows, the Mac, and 
DOS! With features such as a powerful CAD interface, 
system modeling, impressive graphics, and unmatched 
user-friendliness, Relex is the ultimate, intuitive solution! 


e MIL-HDBK-217 ¢ Bellcore © Parts Count ¢ 
e Mechanical ¢ CNET ¢ FMECA ¢ more @ 
Call 410-788-9000 Today For a Free Demo! 
INNOVATIVE SOFTWARE DESIGNS, INC. 


410-788-9000 
FAX 410-788-9001 


Two English Elm Court 
Baltimore, MD 21228 USA 


CIRCLE NO. 236 _ 


HiIWIRE II 


Schematic and PCB Software 


With support for expanded and extended memory, 
HiWIRE II can handle your most demanding schematic 
and PCB designs. The unique HiWIREII editor allows 
you to display and edit schematics and PCBs 


simultaneously, using the same commands for each. 
HiWIRE || is $995 and is guaranteed. 
® ira oon wok ues 
vv WINTEK' Lafayette, IN 47004 
Phone: (317) 448-1903 
1-800-742-6809 
_ CIRCLE NO. 244 
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Engineers 


JOIN AN ESTABLISHED LEADER 


E-Systems, ECI Division, located in St. Petersburg, FL, designs, devel- 
ops, and produces a variety of communications systems for air, land 
sea and space applications. We have attained our leading position in 
the industry through the excellence of our products and people. 


Be a part of a successful team 
meeting new challenges with 
state-of-the-art technology. 

For immediate confidential 
consideration, fax your resume 
to 813/381-2000 x 4803 or 
Sorward your resume and 
salary history indicating 


position of interest to: 
Manager of Staffing 
E-Systems, Inc. ECI Division 
PO. Box 12248 

St. Petersburg, FL 33733-2248 


Systems Engineers 
m BSEE or MSEE; at least 10 years’ experience 
m™ Combat/weapon systems integration 


m Detection, decision and engagement logic/integration 


Digital Engineer 
m BSEE or MSEE; at least 3 years’ experience 


m Knowledge of VME, PALs, FPGAs, and microprocessors 


m CADENCE VHDL design tools 


Software Engineer 

m BSCS/MSCS; at least 3 years’ experience 
m ADA, C 

m Software Methodology 


RF/Microwave Engineer 

m BSEE or MSEE; at least 3 years’ experience 
m 2 to 40 GHz 

m@ HP MDS or EESOF CAD systems 


Power Converter Engineer 

m BSEE or MSEE; at least 3 years’ experience 

m Design of high and low voltage power converters 
m P-Spice 


Mechanical Engineer 

m BSME or MSEE; at least 5 years’ experience 
m PRO-Engineer, SDRC, RASNA, ANSYS 

m@ Military electronics packaging 


Maintainability Engineer 

m BSEE; at least 5 years’ experience 

m Analysis/BIT design-FOM, FMECA or WSTA, STAT 

m Generate test requirements documents and TPS 
LEXYS, PAWS 


We offer a highly competitive compensation and benefits package 
that includes comprehensive medical, tuition reimbursement and 


retirement. 


WHAT HAPPENS WHEN YOU DON’T 


ADVERTISE? 


nothing! 
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ORTUNITIES 


EE E-SYSTEMS 


An Equal Opportunity Employer M/EDV. U.S. Citizenship Required. 


If you want to 
reach over 163,000 
engineering profes- 
sionals, In over 
52,000 locations, 
EDN Career 
Opportunities is the 
best place to 
advertise your posti- 
tions. 


Get the attention of 
100% qualified 
engineers and 
managers involved 
IN designing or 
developing elec- 
tronic products, 
who look to EDN 
Magazines Classi- 
fied section for 
career 
opportunities. 

Trish Kennefick 


Tel: 1-800-603-4859 
Fax: 1-617-630-3925 


Position available for Electronics Design Engineer. The position 
involves the design of electronic circuitry and software systems 
for utility locating and directional boring equipment including 
beacons, transmitters, and receivers. Develops concepts for new 
pou circuits, programming, etc. Develops assembly-level 
anguage software to operate and control our digital signal 
processing receiver and transmitter products. Directs the con- 
struction of prototypes. Modifies prototype systems as needed. 
Masters degree in Electrical Engineering required. One year 
experience oe in job offered or eletica engineering. 45 
hours per week, Monday through Friday, 7:00 a.m. til 5:00 p.m. 
Salary of $755.00 per week. Send resume to Oklahoma State 
Employment Service, Job Order #125881, 1201 W. Grand Ave., 
Ponca City, OK 74601 (ID# 3600) 


lIOWA MIDWEST 
RF/TELECOM WIRELESS 


NEBRASKA-MINNESOTA-ILLINOIS 
| have immediate openings for Design Engineers 
and Technical Project Managers with BS/MS plus 3 
to 10 years RF/Radio design experience in any of the 
following areas: RF circuit design (100 MHz to 3.0 
GHz), Receivers, Transmitter Exciters, Low-noise 
Frequency Synthesizers, Power Amplifiers, Spread 
Spectrum Modulation, Digital Radio DSP. These 
positions are all with top non-defense companies in 
good Upper-Midwest locations 

DON GALLAGHER, MSEE 

Gallagher & Brei Associates 
1145 Linn Ridge Rd., Mount Vernon, 1A 52314 
(319) 895-8042 © Fax (319) 895-6455 


Learn DSP and 


put your 
knowledge to 
work 
PRODUCT ENGINEERING 
IMMEDIATELY! & MFG.. INC. 


Over 25 Years Experience in 
Complete Mechanical Services 


5 | ¢ Industrial Design & Rendering 
CoM! N G TO A ¢ Enclosure Design 


ite a BOO. G67 5034 *% r j ¢ Mechanism Design 
C) IY N EAR You COL 96 eee By taking this * Reverse Engineering 
404 BEF 4ONZ 3-Day Course + Product Evaluation 
Hours 9-5 EST. you will really 


¢ Prototyping 
Ask for a brochure. : learn DSP From hand held Plastic Products... 
scattsdate, Az Our 2-Day Advanced 


Too Complete Machines 
CALL FOR BROCHURE 

Atlanta Denver Course is ready. Call for Guaranteed! 

Long Beach, CA more info. 


Washington, DC 
Austin, Th San Jose 


Virginia _ 1-800-848-2553 


MAGAZINE 
1994 Editorial Calendar and Planning Guide 


ISSUE DATE AD DEADLINE EDITORIAL FOCUS & FEATURES 


October 138 September 14 e Portable Equipment Design e PLDs ¢ FPGAs 


October 27 September 28 ¢ Digital Signal Processing ¢ Embedded Tool 
November 10 October 12 e Computer & Peripherals ¢ A/D-D/A Convention 
November 24 October 26 e Quality in Design ¢ Connectors ¢ H/W & S/W 
December 8 November 9 ¢ Top 100 Hot Products ¢ Monitors & Display 


December 22 November 23 e Hot Technologies of 94 © Economic Outlook 
For more information, call Trish Kennefick at 1-800-603-4859 


EDN September 29, 1994 = 123 


DALAT 


= 


UNE. GETTER TO 


Introducing CAPSfvez-* The best of two component databases 
combined into one Windows" tool. 


Some of the finest things in life 
result from ideal combinations. When 
IHS® wanted to create the world’s most 
powertul 
component 
selection tool, 


we combined 


CAPS and 


IC/Discrete with the functionality of 
Windows to bring you the ultimate — 
CAPSXpert. 

CAPSXpert will revolutionize the 
way you search and compare 
components. CAPSXpert gives you: 
¢ More data e Unbeatable currency 
¢ User-defined upgrade and downgrade 


criteria ¢ Graphical pinout and package 


the strengths of 


displays ¢ Distributor and sales office 
listings. Innovative search commands 
and multiple window capabilities make 
finding the current information your 
engineering team needs faster and easier 
than ever before. CAPSXpert is the tool 
you need to reduce redesign costs, avoid 
expensive product delays, and meet 
critical design cycles. 

For the ultimate solution to 
faster, easier component 
selection, upgrade to 
CAPSXpert today! Call 
1-800-241-7824 or 303- 
790-0600, ext. 59. 


IHS 


CAPSXpert. Nobody Puts It Together Like IHS. 


Available in Windows for PCs and network configurations. Call for UNIX update. 
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JACK GANSSLE, 


There comes a time in any project when 
your new design is finally assembled, await- 
ing your special expertise to “make it work.” 
Sometimes, it seems like the design end of 
this business is the easy part; troubleshoot- 
ing prototype hardware can make even the 
toughest engineer a Maalox addict. 

You can’t fix any embedded system with- 
out the right world view—suspicion tem- 
pered with trust in the laws of physics, 
curiosity dulled only by the determination 
to stay focused on a single problem, and a 
zealot’s regard for the scientific method. 

Perhaps these are successful characteris- 
tics of all who pursue the truth. In a world 
that surrounds us with complexity, we deal 
daily with equipment and systems we only 
half understand. So, it seems wise to follow 
understanding by an iterative loop of 
focus, hypothesis, and experiment. 

Too many engineers fall in love with their 
creations, only to be continually blindsided 
by the design’s faults. They are quick to 
assume, overtly or subconsciously, that the 
problem is due to the software, the lousy 
chips, or the power company, when simple 
experience teaches us that any new design is 
rife with bugs. 

Assume it’s broken. Never figure anything 
is working right until proven by repeated 
experiment; even then, continue to view 
with suspicion the “fact” that it seems to 
work. Bugs are not bad; they’re merely a test 
of your troubleshooting ability. 

Armed with a healthy skeptical attitude, 
the basic philosophy of debugging any sys- 
tem is to complete the following steps: 

For (i=0; i< # findable bugs; i++) 

while (bug(i)) 
{ 
Observe the behavior to find the appar- 
ent bug; 
Observe collateral behavior to gain as 
much information as possible about the 
bug; 
Round up the usual suspects; 
Generate a hypothesis; 
Generate an experiment to test the 
hypothesis; 
Fix the bug; 
}; 

hi 


Now, you’re ready to start troubleshoot- 


ing, right? Wrong! Stop a minute and make 
sure you have good access to the system. No 
matter how minor the problem seems to be, 
troubleshooting is like a bog where we all get 
trapped for far too long. Take a minute to 
ease your access to the system. 

Do you have extender cards if they’re 
needed to scope any point on the boards? 
How about special long cables to reach the 
boards once they are extended? 

If there’s no convenient point to reliably 
scope on the scope’s ground lead, solder a 
resistor lead onto the board, so that you’re not 
fumbling with leads that keep popping off. 

Some systems have signals that regulate 
major operating modes. Solder a resistor lead 
on these points as well, because you’ll need 
to scope them at some point. This small 
investment in time up front will pay off in 
spades later. 


Following the loop 
Let’s cover each step of the troubleshooting 
sequence in detail: 

Step 1: Observe the behavior to find the 
apparent bug. In other words, determine the 
bug’s symptoms. Remember that many 
problems are subtle and exhibit themselves 
via a confusing set of symptoms. The fact 
that the first digit of the LCD fails to display 
may not be a useful symptom — but the fact 
that none of the digits work may mean a lot. 

Step 2: Observe collateral behavior to 
gain as much information as possible about 
the bug. For example, does the LCD’s prob- 
lem correlate to a relay’s clicking in? Avoid 
studying a bug in isolation but beware of try- 
ing to fix too many bugs at once. Address 
such problems as ROM accesses’ unreliabili- 
ty and a not-bright-enough front-panel dis- 
play one at a time. No one is smart enough 
to deal with multiple bugs all at once, unless 
they are all manifestations of something 
more fundamental. 

Step 3: Round up the usual suspects. In 
other words, many computer problems stem 
from the same few sources. Clocks must be 
stable and meet specific timing and electri- 
cal specs, or all bets are off. Reset too often 
has unusual timing parameters. When 
things are just “weird,” take a minute to 
scope all critical inputs to the wP, such as 
clock, hold, ready, and reset. 

Always remember to check V_.. Time and 
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time again at Softaid, we see systems 
that don’t run right because the 5V 
supply is putting out only 4.5 or 5.6V, 
or SV with lots of ripple. The systems 
come in after their designers have spent 
weeks sweating over some obscure 
problem that, in fact, never existed, but 
was simply the specter of the more pro- 
found power-supply issue. 

Step 4: Generate a hypothesis. 
Don’t be like “shotgunners,” those 
poor fools who address problems by 
simply changing things—ICs, designs, 
PLD equations—without having a 
rationale for the changes. Shotgunning 
is for amateurs. It has no place in a pro- 
fessional engineering lab. 

Before changing things, formulate a 
hypothesis about the cause of the bug. 
You probably don’t have the informa- 
tion to do this without gathering more 
data. Use a scope, an emulator, or logic 
analyzer to see exactly what is going on; 
compare that with what you think 
should happen. Generate a theory about 
the cause of the bug from the difference 
in these. 

Sometimes, you have no clue to what 
the problem is. Scoping the logical 
places might not generate much infor- 
mation. Or, a grand failure, such as an 
inability to boot, occurs that is so sys- 
temic that it’s hard to tell where to start 
looking. When desperation sets in, it’s 
worthwhile to scope around the board 
practically at random. You might find a 
floating line, an unconnected ground 
pin, or something unexpected. Scope 
around, but always be on the prowl for 
a working hypothesis. 

Step 5: Generate an experiment to 
test the hypothesis. Most of the time, 
you can resolve this step when gather- 
ing data to come up with the theory in 
the first place. For example, if an emu- 
lator reads all ones from a programmed 
ROM, a reasonable hypothesis is that 
CS or OE isn’t toggling. Scoping the 
pins proves this one way or the other, 
but requires you to formulate another 
hypothesis and experiment to figure 
out why the selects are not where you 
expect to see them. : 

Sometimes, though, you should 
apply the hypothesis-experiment 
model more formally. When we first 
started to use Intel’s XL version of the 
186 (supposedly compatible with the 
older series), none of our systems 
_ worked. Scoping around showed the 
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processor to be stuck in a weird tristate, 
although all of its inputs seemed rea- 
sonable. One hypothesis was that the 
186XL was not properly coming out of 
reset, a hard thing to capture because 
reset is basically a nonscopable, one- 
time event. We finally built a system to 
reset the processor repeatedly, giving us 
something to scope. The experiment 
proved the hypothesis, and a fix was 
easy to design. 


An alternative would have been to 
glue in a new reset circuit at the begin- 
ning to see if the problem would go 
away. Problems that mysteriously go 
away tend to mysteriously come back; 
unless you can prove that the change 
really fixed the problem, there may still 
be a time bomb lurking in the system. 

Occasionally, a bug is too complicat- 
ed to yield to such casual troubleshoot- 
ing. If you have to adjust the timing of 
a PLD, visualize or draw the new timing 
before wildly making changes. Will it 
work? It’s much faster to think out the 
change than to implement it and per- 
haps troubleshoot it over again. 

Rapid troubleshooting is as impor- 
tant as accurate troubleshooting. 
Decide what your experiment will be 
and then stop and think it through 
again. What will this test prove? I like 
experiments with binary results: The 
signal is there, or it isn’t; the signal 
meets specified timing, or it doesn’t. 
Either result gives me a direction in 
which to proceed. Binary results have 
another benefit: They sometimes let 
you skip the experiment altogether. 
Always think through the actions you'll 
take after the experiment is complete, 
because sometimes you find yourself 
taking the same path, regardless of the 
result, making the experiment super- 
fluous. 

If the experiment is a nuisance to set 
up, is there a simpler approach? Hook- 
ing up SO logic-analyzer probes is rather 
painful if you can get the same infor- 


mation in an easier way. I’d hate to b 
in a lab without a logic analyze 
because they’re useful for so mam 
things, but I try to relegate it to the too 
of last resort, because you can ofter 
construct an easier experiment in < 
fraction of the time it takes to connec 
the logic analyzer. 

Don’t be so enamored of your new 
hypothesis that you miss data that 
might disprove it. The purpose of ¢ 
hypothesis is simply to crystallize your 
thinking: If it’s right, you’ll know the 
step to take next. If it’s wrong, collect 
more data to formulate yet another the- 
Ory. 

Step 6: Fix the bug. There’s more 
than one way to fix a problem. Hanging 
a capacitor on a PLD output to skew it a 
few nanoseconds is one way; another is 
to adjust the design to avoid the race 
condition entirely. 

Sometimes, a quick and dirty fix 
might be worthwhile to avoid getting 
hung up on one little point. Revisit the 
kludge and re-engineer it properly. 
Electronics have an unfortunate ten- 
dency to work in the engineering lab 
and not go wrong until the 5000th unit 
is built. If a fix feels bad, or if you have 
to furtively look over your shoulder and 
glue it in when no one is looking, then 
it’s bad. 

Finally, never fix the bug and assume 
it’s OK because the symptom has dis- 
appeared. Apply a little common sense 
and scope the signals to make sure you 
haven't fixed the problem by creating a 
new one. 


Some final advice 

At 3:00 am, when the problems seem 
intractable and you're ready to give up 
engineering, remember that the system 
is only a computer. Never panic: You are 
smarter than it is. 
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You cut system costs with less parts. Get the 
lowest conduction loss. Fastest switching speed. 
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